Humanity and Space by Merry, George Howard et al.
Worcester Polytechnic Institute
Digital WPI
Interactive Qualifying Projects (All Years) Interactive Qualifying Projects
August 2014
Humanity and Space
George Howard Merry
Worcester Polytechnic Institute
James Miguel Costello
Worcester Polytechnic Institute
Nicola Richard DiLibero
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/iqp-all
This Unrestricted is brought to you for free and open access by the Interactive Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Interactive Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Merry, G. H., Costello, J. M., & DiLibero, N. R. (2014). Humanity and Space. Retrieved from https://digitalcommons.wpi.edu/iqp-
all/3291
P a g e  | 1 
 
HUMANITY AND SPACE 
 
AN INTERACTIVE QUALIFYING PROJECT 
 
SUBMITTED TO THE 
WORCESTER POLYTECHNIC INSTITUTE 
 
In Partial Fulfillment for the Degree of Bachelor Science 
By 
 
James Miguel Costello 
Nicola Richard DiLibero III 
George Howard Merry 
 
Submitted to: Professor Mayer Humi 
 
 
 
 
 
 
 
 
 
P a g e  | 2 
 
CONTENTS 
Abstract ......................................................................................................................................................... 3 
Executive Summary ...................................................................................................................................... 4 
Introduction.................................................................................................................................................... 6 
Moon Base .................................................................................................................................................. 13 
Background ......................................................................................................................................... 13 
Introduction .......................................................................................................................................... 15 
Why Go Back? .................................................................................................................................... 16 
Lunar Radiation ................................................................................................................................... 19 
Lunar Base Construction ..................................................................................................................... 21 
Transportation ..................................................................................................................................... 27 
Robotics .............................................................................................................................................. 31 
Sustainability ....................................................................................................................................... 33 
NEO Monitoring ................................................................................................................................... 39 
Lunar Rail Gun .................................................................................................................................... 41 
Power On The Moon ........................................................................................................................... 45 
Lunar Defense Plan ............................................................................................................................ 49 
Long Term Capabilities ....................................................................................................................... 51 
Low Earth Orbit Debris ............................................................................................................................ 54 
Introduction .......................................................................................................................................... 54 
Active Debris Removal ........................................................................................................................ 58 
Problem & Solution ..................................................................................................................................... 62 
Recommendations For Future IQP’s .......................................................................................................... 70 
Conclusions ................................................................................................................................................. 71 
Bibliography ................................................................................................................................................ 75 
 
 
 
 
 
 
 
P a g e  | 3 
 
 
ABSTRACT 
 
We researched the future of human space exploration, primarily for the Earth-Moon 
system. As collaboration between private companies and government agencies 
continue to grow, we see vast technological advancements forcing the cost of space 
travel to drop. We researched pending problems and solutions ranging from 
implementing space tethers to aid in space debris removal, helium-3 as a solution for 
our ever increasing energy needs and ionic propulsion expanding our exploration 
capabilities deeper into space. 
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EXECUTIVE SUMMARY  
 
Current technology is advancing faster than ever during this era; this provides us with 
the ability to begin our expansion outside of our world as we know. However, a lack of 
cooperation, funding and safety has led to a lethargic development approach as of 
recent. This group studied current and on the cusp technologies that will usher our 
society safely into such endeavors within the next half century. First, we believe the 
merging of public and private entities will swing open the doors wider than ever before. 
Establishing such a relationship will drive price of space missions down encouraging 
more involvement, research and investment for such activities. Specifically SpaceX with 
their goal of revolutionizing space travel with the world’s first reusable rocket.  
It is apparent that space is abundant in many desirable resources that we yearn 
to attain and alternative habitats in the case of an earth catastrophe. More research and 
discussions shifted our focus as to how we could establish an advantageous near-earth 
space presence. In particular, we envisioned establishing a permanent moon presence 
as the first step in advancing our capabilities and increasing our space footprint. The 
moon is a desirable conquest for various reasons. It is in close proximity to earth as 
compared to other space bodies allowing for seamless communication with those back 
on earth. Increasing safety is a priority if such hefty investments are to be made. The 
moon offers opportunities to advance technologies that aren’t yet industrially capable 
here on earth. The moon offers a helium-3 reserve, which is an extremely desirable 
compound. Helium-3 has the ability to replace our dependence on crude oil, offering a 
more efficient and cleaner energy source for the future. However, helium-3, a 
theoretically key component in fusion technology, is not available here on earth halting 
the advancement of nuclear fusion. The moon also offers a locale in which high-
temperature superconductors can be introduced. With the high temperatures exhibited 
on Earth the use of superconductors are limited, yet on the moon there are crater that 
experience extreme colds which superconductors thrive on. The large electrical 
capacities that superconductors possess offer power storage and also can be used to 
help shield from some forms of radiation. We also explored and discussed how 
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electromagnetic technology can help improve space delivery and transportation 
immensely, particularly the inventions of rail guns and space tethers.  
As we investigated the possibilities of establishing a manned moon base, space 
debris and near earth objects also caught our attention. With projections of such to grow 
exponentially in the near future, especially with the increase in space missions that are 
about to occur, we looked at ways we could help combat such an over looked but 
serious problem. Finally we believe that robotics will be the stallion the helps us gallop 
onto the galactic racetrack. In other words robotics will be instrumental in advancing our 
space aspirations. Robotic capabilities are advancing faster than ever now. Robots are 
now able to autonomously perform tasks of discovery and excavation that only humans 
were capable of accomplishing before. They offer safety and security for such 
operations to transpire in the extreme and extraneous environment of space. All of the 
research and discussions conducted have left an excited and optimistic outlook as to 
the feasibility of our society’s launch into more advanced space exploration within the 
decades to come.  
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INTRODUCTION 
  
 Up until the 1950s, sending something into orbit sounded like science fiction. But, 
on October 1, 1957 the Soviet Union launched the first ever earth orbiter, named 
Sputnik. This was a huge milestone for evolution of mankind and began the great 
“space race” between the Soviet Union and the United States. Only a month after the 
first earth orbiter was sent into orbit, a dog by the name of Laika was put into space 
aboard the Sputnik 2 (Siddiqi 2001). Laika was the stepping stone for human space 
flight. Sending an animal into space at this time seemed unrealistic and unethical to 
some extent. There is always risk when sending something into orbit, but the risk 
becomes even great when you are sending a living organism up with it. A few months 
later on February 1, 1958 the United States, aboard the Explorer 1 discovered the Van 
Allen Radiation belt, (Dickson 2001) which is what protects us from the harmful rays of 
radiation from outer space. This was also a huge milestone for the United States 
because it was the first time they had sent an orbiter into space, and made a major 
discovery in the process.  
During the latter part of the 1950’s, sending an earth orbiter into orbit was old news. On 
January 2, 1959 the first lunar fly by occurred by a Soviet ship, called Luna 1, which 
was the first ever to reach the vicinity of the moon. This has also been said to have 
potentially been the first lunar impact by humans. The actual first recorded impact 
occurred on September 12th of that year by Luna 2 (The Planetary Society n.d.). The 
United States had their first lunar flyby on March 3rd by Pioneer 4. Finally, at the end of 
the decade, the Soviet Union recorded the first images of the side of the moon we can’t 
see from Earth on October 4, 1959, aboard the Luna 3.  
In the 1960s, space exploration started to become more advanced with the first 
manned earth orbiter. In April of 1961, the Soviet Union was able to launch the first 
manned earth orbiter names Vostok 1. This flight marked the first time that any human 
had been put into space (Vostok 1 2014).A year after the first human was sent into 
space, another major accomplishment happened for the United States. For the first time 
ever the U.S was able to fly by another planet. The Mariner 2 passed within 35,000 
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kilometers of Venus on December 14, 1962. As it flew by Venus, Mariner 2 scanned the 
planet with a pair of radiometers, revealing that Venus has cool clouds and an 
extremely hot surface. The Mariner 2 on its four month journey around Venus 
conducted an infrared radiometer experiment but also observed solar winds for the first 
time (Mariner 2 n.d.). 
It wasn't until November 28, 1964 that the United States has its first encounter with 
Mars. The Mariner 4 was able to fly close enough to Mars to take pictures of its 
unfamiliar surface. On this mission we also saw the use of cosmic ray telescopes and 
cosmic dust detectors which allow scientists to develop a better understanding of 
planetary surfaces. The Soviet Union made the first attempt to land on Venus, but the 
mission failed when the craft crash landed on the surface (NASA n.d.). 
In 1966 the United States and the Soviet Union shifted their focus to the moon. 
Within a three month span the Soviet Union was able to launch the first lunar lander 
(Luna 9) and the first lunar orbiter (Luna 10). Completing both of the missions allowed 
for several more launches to the moon that year. 1968 was also a year that paved the 
way for lunar exploration. The Soviets completed the first lunar flyby and return to earth 
(Zond 5), which was a big accomplishment to be able to send something towards the 
moon and have it return. After that, the United States wanted to take the next step by 
sending a manned lunar orbiter outside of low-earth orbit. The pilots of the Apollo 8 
mission were the first humans to witness the Earthrise on December 24, 1968 (Woods 
and O'Brien 2007).   
The successful mission of Apollo 8 allowed for one the greatest events in history. 
The Apollo 11 mission marked the first ever human landing on the moon with Neil 
Armstrong touching down on the lunar surface. This marked one of the greatest 
accomplishments in American history, beating the Soviets in the race to land the first 
boots on the moon. They also wanted to compete in seeing who could bring back lunar 
material first by means of an unmanned aircraft, the Soviet Union was able to send a 
probe that got close to the moon, but ended up exploding only moments before Apollo 
11 launched (Lindroos 2011). On the Apollo 11 mission the crew was able to extract 
samples of the   lunar regolith and return it to earth. 
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In the 1970s, space exploration started to become more industrial. The Soviet Union 
was able to send a robotic probe that was able to land on the lunar surface and extract 
material and return to earth. The robot was timed to land on the surface, release a drill 
to penetrate the soil to extract material, and then finally launch itself back to earth with 
the sample. Two months after the robotic probe, on November 10, 1970 the Soviet 
Union developed and launched the first lunar rover. The rover was powered by solar cell 
arrays and was supposed to run for three days, but ended by running for eleven days 
(Luna 17 2014).  
In 1971 the Soviet Union developed the first ever space station launched into orbit. 
The Salyut 1 was unmanned and launched by a rocket. The missions failed when crews 
were unable to doc with the station (Shayler and Hall 2003).  
On May 30, 1971, the US got back into the space race by being the first to develop 
a probe that orbited another planet. The Mariner 9 was the first spacecraft to orbit Mars. 
The probe was able to send pictures of the surface but the process was difficult due to 
dust storms. This, of course, was a major step in the exploration of Mars, and for 
NASAs Mariner Program. Days prior to this achievement, the Soviet Union was able to 
send two probes towards Mars; one that acted as the first atmospheric probe and a 
lander; although, the connection to the lander was lost during the mission (Mariner 9: 
Details 2011).  
The Apollo 15 mission was the next big step for the United States in the space 
race. On July 26, 1971 the U.S was able to send the first manned lunar rover to the 
moon. This was the first crew to explore the moon’s surface using a lunar roving vehicle. 
The rover was a battery powered four wheeled vehicle used on Apollo missions 15, 16, 
and 17. It became known as the “moon buggy.” At the time NASA believed that this was 
one of its greatest manned flight mission ever achieved (1971 Year In Review:Apollo 14 
and 15 2013). 
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Over the next couple of decades there weren't too many great achievements other 
than the United States flying by other planets. On March 3, 1972, the Pioneer 10 
completed the first Jupiter fly by. Just over a year later the April 5, 1973 the Pioneer 11 
had another Jupiter fly, but this time the probe also flew by Saturn for the first time. Both 
of these launches were sent to study the asteroid belt, the environment around Jupiter 
and Saturn, as well as solar wind and cosmic rays. The United States wanted to expand 
their planetary exploration even further when a few months later the Mariner 10 had its 
first Mercury flyby on November 3, 1973 (Placeholder1).  
In 1975, the Soviet Union took the next step in planetary exploration and 
developed the first Venus orbiter and lander. The Venera 9 was the first spacecraft to 
orbit Venus and the lander was the first to send images of the surface. A short time after 
that the United States made the same attempt on Mars. The Viking 1 was the first of two 
successful missions to Mars. The Viking 1 was the first spacecraft sent to Mars that 
successfully completed its mission of taking pictures of the Martian surface and returned 
the data to NASA. (SSEMG) 
The United States’ Voyager 2 made the farthest planetary encounter to date.  On 
August 20, 1977 the Voyager was able to flyby Jupiter, Saturn, and for the first time 
Uranus and Neptune. The goal was to send a single probe to the four gas planets which 
requires the least amount of propellant between the planets. The Voyager 1 is currently 
the farthest human-made object away from earth as of 2013, over 125 astronomical 
units (AU). (Stuart Clark) 
In 1978, the United States and the European Union teamed up to complete the first 
comet flyby. The International Sun/Earth Explorer 3 (ISEE-3) was a satellite that was 
originally launched to study the interaction between the Earth’s magnetic fields and 
solar winds. The second mission was the International Cometary Explorer (ICE) which 
had the first encounter of Halley’s Comet. It was said that the minimum distance from 
the comet to earth was about 28 million km. (Paul Murdin) 
 
P a g e  | 10 
 
The 1980’s were a quiet time for space exploration until towards the end of the 
decade. In 1989 the United States become curious of asteroids. On October 18, 1989, 
the Galileo spacecraft was launched to study the planet Jupiter and its moons. Galileo 
was also the first spacecraft to flyby an asteroid. Galileo encountered two asteroids; the 
first was 951 Gaspra which was noted to be moving at about 8 kilometers per second. 
The second was 243 Ida and its moon Dactyl, the first asteroid moon ever discovered. 
In 1996 the United States wanted to further their asteroid exploration by flying by a 
near-Earth asteroid. The Near Earth Asteroid Rendezvous - Shoemaker (NEAR- 
Shoemaker) was the first spacecraft to orbit an asteroid near Earth’s orbit. The mission 
was a success when it finally terminated and the probe touching down on the asteroid 
on February 12, 2001. That same year the United States completed another great 
accomplishment in not only space exploration history, but American history as well. On 
December 4, 1996, the Mars Pathfinder made its way to Mars. The goal of this mission 
was to launch a spacecraft towards Mars with a rover aboard to study the Martian 
surface. The rovers name was Sojourner, commonly known as the “Mars Rover.” This 
mission was a major success because of the low cost and efficiency. The major goal 
was to build a probe that was better and cheaper and that’s what they did, saving 
millions of dollars by focusing on the economic effects of production.  
The end of the decade saw the beginning stages of the largest object in space to 
date. The International Space Station (ISS) is used for space environmental research 
and observation. The station is continuously occupied making it the longest lasting 
human occupied object in space and serves as a base for solar system exploration. 
At the turn of the century, everything started to quiet down a little bit for NASA and 
other space agencies. With this period marked by an economic recession and the 
theory of global warming making headlines in the mainstream media, governments were 
reserved in taking on any endeavors that may negatively attribute to such issues.  
As a result, NASA had only 12 recorded launches from 2000-2010. Although there 
were few launches, several of them were successful.  In 2001, NASA’s Genesis was 
able to collect the first solar wind sample that was returned to Earth (Chris Dolmetsch). 
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Most of the sample had been contaminated due to a crash landing but enough was 
recovered to complete the analysis.  This was the first NASA sample return since the 
Apollo mission that returned a lunar surface sample. Two years later in 2003, NASA 
wanted to get back on Mars by sending two more rovers to the Martian planet named 
Spirit and Opportunity. Spirit had difficulties staying on track and repeatedly got stuck in 
the soft soils. NASA decided to turn Spirit into a science platform to aid scientists in 
ways that couldn't be done by a normal platform, but communication was lost a short 
time after and the mission came to an end. Opportunity is still operating today and is 
working alongside Curiosity, another rover in researching the possibility of ancient life 
on Mars (John Nelson). 
On January 12, 2006, NASA launched a spacecraft at the dwarf planet Pluto that 
was expected to arrive July 14, 2014 but it has yet to reach its orbit. As of July 24, 2014 
the spacecraft is 422,000,000 km away. This will mark the first time that a spaceship will 
reach the distant dwarf planet. On August 6, 2012 NASA was able to land their Curiosity 
rover on the surface of Mars. Curiosity, a large, mobile laboratory, contained the most 
advanced payload of scientific gear to date. The goal of the 23 month mission was to 
find evidence of a past environment that supported microbial life. Curiosity 
accomplished this mission within the first eight months upon arrival (Allard Beutel). As of 
recent NASA and other space agencies have been eager to return to space. At the end 
of 2013 China became the third country to successfully soft land on the moon, landing 
the Chang’e-3 probe and deploying their Yutu lunar rover. Their aim besides proving 
they could land where only the U.S. and Russia have been before is to explore the lunar 
surface for natural resources. This accomplishment has several implications for our 
generation’s future of space exploration. This provides a route for china to establish 
“domestic legitimacy” and to be perceived as a “global technology leader” according to 
China space expert Joan Johnson-Freese (Space Daily 2013).China also has their eyes 
set out: to establish a permanent space station by 2020, send an upgraded version of 
their Yutu rover to mars and eventually send a human to the moon. Adding another 
powerful player into the growing competitive space market greatly benefits our society. 
The famous economist Adam Smith in his book The Wealth of Nations (1776) 
advocates that competitive markets encourage efficiency and force firms to allocate 
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productive resources to their most highly valued uses. China’s ambitious space program 
will attribute to our society’s space presence as a whole. Over the next 100 years, it is 
expected to see more action in space as agencies are looking to explore and capitalize 
space opportunities.  
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MOON BASE 
 
BACKGROUND 
“Whenever and however a return to the Moon occurs, one thing is for certain: That 
return will be historically comparable to the movement of our species out of Africa about 
50,000 years ago. Further, if led by an entity representing the democracies of Earth, a 
return to the moon to stay will be politically comparable to the first permanent settlement 
of North America by European immigrants.”  
-Harrison H. Schmitt 
 
Harrison Schmitt has been one of the head leaders in pushing for a modern day 
base on the moon. However, before we begin to discuss modern day plans for a moon 
base, let us first take into account the history of the concept. 
The idea of traveling to the moon remains embedded in human culture. The 
inception of the idea in history started with the ancient Greeks, in which winged gods 
flew to the moon and men were accidently carried there by ships in a sea storm. Indeed, 
the initial notions of going to the moon were just stories of folk lore and camp fire tales, 
and over the years of ancient civilizations the notion lingered. The idea of an actual 
moon base emerged in the 17th century after Galileo created the telescope and gazed 
upon the moon in unprecedented detail. He revealed the moon to be a land of 
mountains and craters and not just a flat disk. Writers fantasized about a lunar world in 
which heroes traveled to fight the lunar natives. Bishop John Wilkins proposed the first 
actual Moon base in his book A Discourse Concerning a New World and Another Planet, 
published in 1638. This led a few Frenchmen to try and reach the moon in an air balloon 
in which they died shortly after realizing that “the road to the moon must be through the 
vacuum of space (Stewart, 1985).” 
It wasn’t long until there was a shift of focus from fantasy bases to the actual 
technical difficulties of just getting to the moon. Soon books came out trying to resolve 
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propulsion to the moon as well as conquering the void of space. In the late 50’s the idea 
of permanent lunar settlements began. The U.S-Russia space race began and the 
populations of both super powers shifted their gaze to the stars. In 1958, some 
scientists proposed: inflated shells covered by lunar regolith to shield from radiation, 
another proposed a giant bio-dome sphere with four legs to house humans on the 
surface. Some suggested using lunar regolith and combining it with alkali to create 
glass like structures. Others contemplated quarrying moon rock to construct lunar bases 
(Stewart, 1985).  
These early concepts reached farther than reality at them time, as missions to 
the moon remained in infantile stages. The early 60’s erupted in ideas for the moon 
base as the possibility of reaching the moon grew nearer by the day. As the Apollo 
missions began there was a focus on how to evolve the short-term manned missions 
into long-term manned missions. NASA developed the concept of LESA (Lunar 
Exploration System for Apollo). The mission basically wanted to increase the size of the 
rocket/payload and transport a lunar base to the moon that would remain there for an 
extended period of 6 months instead of two days, aiming to carry six astronauts. The 
goal of the mission was to explore the moon further and would be equipped with a lunar 
rover capable of traveling 3000 miles (Stewart, 1985). 
In 1969 a more sophisticated concept was designed. A base was proposed that 
would be buried underground and consist of multiple inter connected pods. The base 
would include a nuclear power plant, housing, a hydroponic algae farm, a sewage 
treatment plant, a command structure, a telescope, cryogenic storage, launch pods, and 
a communications facility. It’s stated that “The program would have required 63 Saturn 
V launches between 1971 and 1988 (Stewart, 1985).” 
Many of the dreams of the past carry over to a current idea for a moon base. 
Although some have imagined this possibility for the past fifty years, miniscule steps 
have been made in terms of returning and installing a permanent foothold for humanity. 
Indeed such a feat will usher a new era in humanity. An era in which the Earth no longer 
herald’s “home” for all, an era of expansion beyond our home planet and into the depths 
of our solar system. 
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INTRODUCTION 
Half a century ago the idea of the moon base seemed a work of science fiction. 
Many tried to develop a process in which to colonize the moon, through construction, 
energy production, and transportation. However, these missions required expensive 
solutions, or simply didn’t have the technology to complete these far reaching goals. In 
our current technological golden age there is a copious amount of ground breaking 
technologies on the cusp of protruding infancy and changing the way mankind lives; 
moreover, these technologies will be useful in realizing a dream our species has 
revisited for centuries. As it becomes ever more prevalent that we possess the ability to 
colonize the moon we must push the limits of our technologies to do so. 
As this paper will detail, the construction of a base is in the best interest of the 
human species, as well as the pockets of industry. Such a base will not only advance 
human influence in the solar system, but can potentially solve an energy crisis that’s 
been on the agenda of many politicians for years. The potential of the resources on the 
moon are staggering. With the proper research and funding the abundant materials on 
the lunar surface can be used for energy production, construction, insulation, oxygen 
production, iron production, and many other useful practices. Such resources give the 
moon industrial and sustainable properties that can be utilized by humans. Although, 
some of these processes require more research and development many of the required 
technologies are currently available. 
In the following sections we will present the current technologies available to us 
and how these technologies will construct, maintain, and populate a lunar base as well 
as possible future technologies required for allowing the base to thrive and expand, 
some of which echo the ideas of the past.  
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WHY GO BACK? 
Considering all things, the incentive to develop the moon must be driven by a 
financial goal foremost. Clearly, a moon base would be a great step for mankind in an 
expansion and exploration sense, but it would also be a step towards a figurative 
goldmine. The moon contains a large amount of Helium-3, and this isotope has the 
potential to fuel the world.  
 
What is Helium-3? 
Helium-3 is a rare isotope of helium gas that contains 
two protons and one neutron. Through a process called 
nuclear fusion, Helium-3 can be used to create a clean, 
pollution free energy source. Unfortunately, helium-3 does not 
occur naturally on earth. The scarcity of helium-3 on the earth has forced the evolution 
of nuclear fusion technology to remain in its current infancy phase. Luckily for us, the 
moon has an estimated 1-5 million tons beneath its surface that is relatively easy to 
access (Dobransky 2013). Based on an oil price of $100 per barrel, helium-3 would 
have an estimated value of $10 billion per ton (How Moon Rocks Could Power the 
Future 2014). A shift to helium-3 as our main staple of power would be an economically 
viable solution for the future.  
Nuclear Fusion 
Nuclear fusion in essence is the opposite of nuclear fission, our current system of 
harnessing nuclear power. Instead of splitting an atom, nuclear fusion combines two 
atoms together. Nuclear fusion began by combining deuterium and tritium, two isotopes 
of the hydrogen atom. This reaction creates energy and a helium atom. However, in 
combining these two isotopes the energy created is in the creation of a neutron. This 
poses the problem of energy loss and containment making this an inefficient process. 
When tritium is switched out for helium-3, deuterium releases energy by creating a 
normal helium atom and a proton. This in turn makes nuclear fusion safer and more 
efficient than the previous deuterium-tritium system. “The dream of controlled fusion 
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remains a distant hope. The researchers need to get a hundred times more energy from 
the fusion reactions before the process can run itself, and more for it to deliver an 
overall surplus of energy” (Sample 2014) The biggest attribute to this problem in 
development is our current source of helium-3. Our current source of helium-3 comes 
from the aging of our nuclear weapons inventory. This supplies us with only a couple of 
kilograms of helium-3 per year causing helium-3 to be very difficult and expensive to 
compile for research purposes. Currently the most advanced nuclear fusion system, 
ITER, requires 2 mega joules of energy (roughly two sticks of dynamite) to produce only 
17 kilojoules of energy. This is done by firing 192 powerful lasers at a 2mm-wide 
spherical pellet coated with fuel. The laser light bounces off the gold walls emitting x-
rays that offer immense heat causing the pellet to implode ferociously. The goal of the 
ITER fusion reactor is to be able to produce 10x the energy output by 2027 (Sample 
2014).  With an advancement of nuclear fusion reactor technology and an abundant 
source of accessible helium-3, we can one day mimic the process behind the sun’s 
immense energy output and harness its power to impact our everyday lives for the 
better.  
Helium-3 on the Moon 
As outlined above our current supply of helium-3 derives from the maintenance of 
our nuclear weapons arsenal. Due to the earth’s atmosphere and magnetic field, the 
helium-3 emitted by the sun’s solar winds can never be harnessed for use on earth. 
However, this is not the case for the moon. The moons lack of an atmosphere and 
magnetic field has allowed millions of years of solar winds to grace and imbed within the 
lunar soil. This has led to an estimation of several millions of tons of helium-3 only 
meters below the moon’s surface. The helium-3 encrusted into the lunar soil can be 
mined with relative ease. Through a process of subjecting the lunar rocks and soil to 
extreme heat and agitation can helium-3 be extracted and used for the nuclear fusion 
process. After the vapors are cooled and separated, the final step would only include 
the addition of a membrane to further separate the helium-3 gas from regular helium 
gas. The abundance of helium-3 and the advantages of the gas as a carbon free 
emission fuel source with no nuclear waste have caught the eyes and ears of various 
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super power countries. These countries include China, Russia, and India to name a few 
who have publically displayed interest in establishing permanent moon bases with the 
exploration and expedition of helium-3 on the top of their list of objectives. With a vision 
on establishing these goals within the next decade, whoever can be the first to extract 
and control helium-3 can cement their power in the global arena for the next century to 
come.  
The Lunar Base: Short term Goals 
A billion, if not trillion, dollar industry potentially lies on the surface of the moon. 
This should be enough to convince the average person for the need of a moon base. 
However, an initial base could not simply jump to the full scale industrialization of the 
moon, we are not yet technologically capable of such a feat, and the key driver 
previously discussed is not ready for full scale production of energy. We need to 
research Helium-3 further, and develop it to a point where we can generate a massive 
amount of energy through the fusion process. To do this we need a large source of 
Helium-3, and the only way to get that is to go to the moon and set up a research base. 
Solely focusing on researching Helium-3 limits the potential of a lunar base, there 
are many more areas of research that would benefit the long term goal of industrializing 
the moon. The main research areas are as follows in order of long-term importance: 
Helium-3 Fusion, Lunar Living Sustainability (oxygen Production, food production etc.), 
Near Earth Object Monitoring, and sub-regolith lunar resource probing. All of these 
objectives are possible with our current technologies available today.  Before we jump 
into creating a base we must first asses the dangers the moon poses. 
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LUNAR RADIATION 
One of the several dangers of a having a lunar base is radiation. The moon is 
vulnerable to cosmic rays and solar flares, and most of the radiation is difficult to shield 
unlike here on earth where we have the Van Allen belt for protection. We still do not 
totally understand the effects radiation will have on human skin on the moon because 
most Apollo missions have been near earth where magnetic fields still protect them. 
Even with some protection the powerful rays can still penetrate human flesh and harm 
DNA, boosting the risk of cancer and other maladies (Barry 2005). This is where we 
also see a need for an increase in robots that are capable of completing human tasks 
on the lunar base.  
With the technology we have today we are able to send satellites and robots to 
the moon to help detect radiation, how much of it there is, and where the moon is 
affected most. Over the past decade or so, NASA has developed a probe to orbit the 
moon detecting radiation levels. The Lunar Reconnaissance Orbiter (LRO) will clear the 
path for further human missions. The LRO will not only be measuring radiation levels, 
but also looking for frozen water as well, mapping the moon in detail. The LRO began 
its journey orbiting the moon in 2008.  
Aboard the Lunar Reconnaissance 
Orbiter is the Cosmic Ray Telescope for 
the Effects of Radiation (CRaTER). 
CRaTER measures linear energy transfer 
by Galactic Cosmic Rays (GCRs) and 
Solar Energetic Particles 
(SEPs).  CRaTER provides the 
fundamental measurements needed to test 
our understanding of the lunar radiation 
environment. CRaTER uses a plastic that 
resembles human-like tissue to analyze the 
effects that the GCR and SEP radiation levels affect humans.  
Figure 1- Cosmic Ray Telescope for the Effect of Radiation 
(CRaTER) (CRaTER Cosmic Ray Telescope 2009) 
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A second module used to detect radiation levels is the Earth-Moon-Mars 
Radiation Environment Module (EMMREM).  A model that develops and validates 
numerical models for characterizing Earth-Moon-Mars and interplanetary environments, 
EMMREM incorporates the effects of primary particles, secondary radiation and also 
does calculations (Lunar Radiation Environment and Space Weathering from the 
Cosmic Ray Telescope for the Effects of Radiation (CRaTER) 1991-2012). EMMREM 
uses these calculations to compare with such observations provided by CRaTER.   
     
With these two modules we are able to detect the radiation levels on the moon 
and fully understand what the astronauts and robots are up against. Once all this 
information is acquired scientists can then begin to develop and design spacesuits, 
lunar habitats, moon vehicles and other equipment for when NASA returns to the moon 
within the next decade.  
One thing we do know is that the moon has a tough time deterring radiation. The 
lunar regolith itself is radioactive due to galactic cosmic rays colliding with the particles 
in the lunar surface, triggering little nuclear reactions that then release more radiation in 
the form of neutrons (Lunar Radiation Environment and Space Weathering from the 
Cosmic Ray Telescope for the Effects of Radiation (CRaTER) 1991-2012).  This will 
make it difficult to develop a base built into the regolith due to such radiation levels. 
What needs to be developed is a way to detect cosmic and galactic rays that 
don’t come from the sun. This could mean creating a satellite (maybe one similar to 
CRaTER) that would orbit well outside the surface of the moon and detect levels of 
radiation. The robot or module would need to be able to tell the difference between solar 
radiation levels from the sun and cosmic rays coming from other sources. This would be 
difficult to develop and would be very costly, but could potentially answer many 
questions to whether or not we are able to colonize the moon. 
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LUNAR BASE CONSTRUCTION 
 
SEISMIC ACTIVITY ON THE LUNAR SURFACE AND SUB-SURFACE 
 
Safety is a primary goal for any construction project. Taking into account 
radiation, meteorites, and temperature fluctuations are all unique to a space 
environment. Yet, there are still some common dangers between the Earth and the 
moon. Seismic activity, although not as common or powerful, occurs on the Moon.   
Lunar regolith ranges from 4-12 meters in depth; this layer is followed by a rock 
crust. This rock crust suffers from higher velocity seismic waves than the regolith above 
(N.R Goins 1981). The regolith is comparable to dust in its nature and according to 
Goins “…arriving telesiesmic events will be bent towards the vertical and thus will be 
near normal incidence at the surface.” Thus, seismic events will have little impact on the 
Regolith layer. Unfortunately, in terms of an underground base, seismic dangers will 
need to be taken into account as sub-regolith layers of the moon are impacted by 
seismic events.   
 
THE SURFACE BASE 
The future of construction on earth could see a revolution. With current idea’s, 
engineers plan on 3D printing the homes of the future, and this technique leaves areas 
open for exploitation on the moon. This approach boasts numerous advantages to 
traditional concepts, but has only become possible with recent developments in 3D 
printing.  
Currently 3D printing is fairly new, yet the idea of a massive 3D printer has 
already made its way from paper to reality. Dr. Behrokh Khoshnevis of the University of 
Southern California recently explained his idea of the future of 3D printing in a TEDx talk. 
Using a machine like the one pictured here: 
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Figure 3-ATHLETE robot (NASA wants to 3D print lunar base 
too, with giant robots 2013) 
 
Figure 2-Concept Art for 3-D Printing Buildings (3D Printers That Build Entire Houses 2013) 
A two story, 25,000 square foot house, he explained, could be built within 20 hours. Not 
only could the frame of the house be built but the rebar reinforcement installed along 
with the plumbing and electrical system. Quite literally the entire house could be built 
within 20 hours ( (TEDxOjai - Behrokh Khoshnevis - Contour Crafting: Automated Construction 2012)). 
 
The doctor went on to explain that NASA has contacted him in hopes to build a 
moon base with such technologies. In fact NASA is in the process of planning such a 
base. In 2013 NASA Confirmed its plans to create a moon base using a 3D printing 
device. The base would be located around the Shackleton Crater. This crater is near the 
south pole of the moon and its location is desirable because it receives the most 
amount of daylight. Considering the Moon Base and the robots that will inhabit it will 
require some sort of solar energy to run, an area receiving constant daylight is 
appropriate. Furthermore, lunar nights are cold and long which can lead to many issues 
as well. Equipment is highly sensitive and the drastic changes in temperature can be 
detrimental (Ulamec 1985-1995).  
 
Unlike the current form of 3D 
printed buildings, which would use a 
concrete resin, the NASA project aims 
to exploit the unique properties of the 
Moon’s own regolith. Using “microwave 
sintering and contour crafting”, a 
technology known as SinterHab, 
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Figure 4-NASA moon base concept art 
(NASA wants to 3D print lunar base too, 
with giant robots 2013) 
attached to robots, the moon base could be easily constructed on the surface of the 
moon.  By attaching a microwave printer to the robot named ATHLETE, shown in the 
picture to the left, the base could be printed in a process similar to the one described by 
Dr. Behrokh Khoshnevis. Instead of being mounted in place on tracks the robot will 
have wheels. Regolith will be processed to the Microwave head mounted on ATHLETE, 
a robotic arm could then Administer the regolith Resign in layers to create the desired 
structure. They want to use this technology to build “Berms, paving, walls, roads, and 
other buildings (Howe Alan 2013) 
This system of using regolith for construction is labeled a Freeform Additive 
Construction System (FACS). This system allows for CAD designed buildings to be 
printed out of a resin. In this case the resin is the moon regolith heated by fine-tuned 
microwave frequencies. This will allow for the most efficient resin, hence the most 
durable and safe structures. If all the regolith is used up in the local area other robots 
can simply excavate and transport more from the surrounding areas. If these support 
robots are used there will literally be no short supply of construction material.  
Another company also envisions a 3D printed Moon Base. An International 
Architectural Firm in London, Foster + Partners, looks to do the same thing NASA has 
planned. They proposed the use of the same location, one near the Shackleton Crater, 
for the same benefits discussed earlier. In this case the structures would start as an 
inflatable bubble to form a base. Regolith resin would then be used to form a protective 
shell around the base that would help mitigate meteorites, gamma rays, and 
temperature fluctuations (Coxworth 2013). 
In the end they hope to have a product looking 
something like the one depicted in this concept art to 
the right. The greatest thing about 3D printing on the 
moon is the fact that this system can be used 
indefinitely. Once the 3D printing Machine and Robot 
have reached the moon, and assuming they can use 
all the regolith they need, additional buildings can be 
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made. The beauty of 3D printing is the ability to create whatever building designed on a 
computer, regardless of the shape (NASA wants to 3D print lunar base too, with giant 
robots 2013).  
Before the idea of 3D printing came along, the most recent moon base strategy 
concluded that it would be in the best interest to send pre-built pods to the surface of 
the moon. These pods would have in inner case for the use of humans and equipment, 
and a hollow shell around the pod. The hollow part of the shell would be filled by regolith 
upon reaching the moon (Grandl, Design and Construction of a Modular Lunar Base 
2010). This is an absolutely fantastic idea that allows for expansion via 3D printing. 
Naturally, if the resin product of 3D printing is found to have more desirable properties 
than that of plain regolith, these shells could be filled with such a material instead. In 
which case the base may not even need to be buried by regolith or an outer shell. But to 
ensure maximum safety these pods could be filled with the regolith resin and then either 
buried in regolith or surrounded by another outside layer of regolith resin. In this case a 
very formidable in situ structure has been designed. One that would insulate and protect 
from meteorite impacts as well as space radiation. An inflatable base would be risky 
because of the possibility of getting punctured by a meteorite or other objects. Even with 
the resin shell the idea still seems too dangerous for such an exposed base.  
 
 
SUB SURFACE BASE 
Lunar Lava Tubes 
 
Located beneath the lunar surface are cave like tubes that have been formed by 
the cooling of lava that used to flow within them. When cooled, the lava forms a hard 
crust along its outermost parts creating a hollow space. These tubes are very similar to 
the tubes located in volcanic terrain on earth. Due to their location and how they were 
formed, they provide advantages that a future manned moon base could benefit from. 
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The tubes provide safety from radiation, meteorites, and temperature fluctuations, but 
are more vulnerable to seismic activity on the moon.  
Lunar lava tubes provide the simplest solution for establishing manned moon 
bases. Due to a relatively low amount of gravity the lunar lava tubes are much larger 
than the ones observed on earth  reaching hundreds of meters wide, hundreds of 
meters deep and tenths of kilometers long (Angelis, et al. 2002). The size provided 
would allow plenty of space for sophisticated moon bases to be established within. The 
lava tubes provide a select area on the moon that is not impacted by the lunar 
days/nights. The tubes remain at a constant temperature of -20 degrees Celsius 
(Angelis, et al. 2002). Although not an ideal temperature for humans, the invariable 
environment allows for easier habitat control.  
In 2002 a NASA study also had concluded that the lunar lava tubes offer 
complete protection from the radiation that would be susceptible on the surface. 
Mimicking lunar regolith 5 meters deep followed by rock, studies showed that 6 meters 
of depth resulted in no radiation effect by galactic cosmic rays and by increasing the 
depth by tenths of meters would provide shielding from solar particle events as well 
(Angelis, et al. 2002). In a simpler sense a moon base occupying a lunar tube a mere 
12 meters below the surface would be completely safe from radiation.  
As of right now the sub-surface tubes are difficult to locate with current mapping 
techniques. Smaller tubes are almost invisible to these cameras meaning the specific 
number of lava tubes available is hard to know exactly. According to a NASA report in 
2009, various Lunar Orbiter spacecraft have combined to estimate that the larger more 
observable tubes cover approximately 16% of the lunar surface (Allen 2009). As more 
and more tubes can be discovered, the possibility of establishing manned outposts, labs 
and bases within increases. 
After the discovery of the first skylights (collapsed roofs of lava tubes) on the 
surface of the moon, NASA, along with NIAC, is developing a way to explore these 
caves. According to Red Whittaker, a professor working on the project, progress is 
being made towards sending robots into these skylights to 3D map them (Whittaker 
2013). A major issue in planning for a lunar colony in the lava tubes is we don’t exactly 
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know what’s in them. We can only make assumptions that they will look similar to the 
ones found here on earth; however, specific knowledge on the insides of these lava 
tubes is necessary before action is taken. With the understanding that we have of them 
now we can predict what a colony in the cave could look like. 
The first access to the cave would need to be through a skylight, this would allow 
us to find a specific location in the cave that’s most favorable for a base. One that is 
near H2O and/or relatively close to the poles would be most favorable. This is because 
a surface solar field would need to be established to help power the base. The base 
would also need to be some distance from the skylight to avoid radiation penetrating the 
cave through the skylight. Once an ideal location has been found, robots on the surface 
could then excavate a tunnel to the lava pocket enabling robots from the surface to 
reach the pocket and begin construction. The cave would need to be structurally 
supported to prevent a collapse; although gravity is low collapses are still possible. As 
discussed earlier the tubes are vulnerable to seismic activity and these forces will need 
to be considered in the design of facilities as well as in structurally supporting the lava 
tube. The use of inflatable habitats for colonies is more favorable in these 
circumstances as it would be protected from micrometeorites as well as radiation. An 
elevator to the surface could be constructed for human use and robots could be left on 
the surface as they would not need protection from radiation, I imagine robot garages 
on the surface that would provide shelter come the lunar night if the colony could not be 
established around a pole. 
Depending on the location of the lava tubes, they could prove to be more suitable 
for a base than a Shackleton crater surface base as it will be more protected from the 
exposures of the surface. With the increase of robotic technology I think the need for 
humans on the surface can be minimalized which is another benefit of an underground 
base. The less time astronauts spend on the surface the better, exposure to the 
dangers of space must be minimalized for the base to be truly successful.  
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TRANSPORTATION 
 
It takes a vast amount of power and energy to propel a spacecraft into outer 
space. Conventional rocket engines can produce enough power to launch a shuttle out 
of orbit, but they can be very cost effective and are only limited to certain speeds and 
efficiency. Rockets used today are essentially high powered jet engines that use stored 
propellant mass for forming high speed propulsion. Rockets use an internal combustion 
engine.  These engines use fossil fuels combined with air in a combustion chamber to 
create high temperature and high pressure gases to apply force directly to the engine 
(George P. Sutton and Oscar Biblarz, 2001). 
 There are several problems with the way in which rocket engines are used today. 
The number one problem is fuel. Fossil fuels are very expensive and harmful to the 
environment. Natural gas is a limited resource and could be depleted at any time, and 
before that happens a new source of propulsion is going to need to occur, such as 
electromagnetic propulsion or some other alternative propulsion. The other problem is 
the efficiency of the rocket engine. Rocket engines are said to have about a 70% energy 
efficient rate, compared to the 85-90% efficiency rate of electric engines. Rocket 
engines appear more powerful due to the high expansions ratios, but cannot keep that 
constant power throughout its journey in space. Another major problem with using fuel 
is that it’s very difficult to refuel in orbit, without enough fuel a spacecraft is only going to 
get so far. That’s why spacecraft that are set to go on deep space missions are 
converting to ionic propulsion, which is a much cheaper and efficient way of space 
travel. 
 With the high temperature and high pressured chambers, a rocket engine always 
has the potential risk of exploding as its heading toward outer space. The chemical 
reaction in the combustion chamber has the power to exceed the already high 
temperatures, and almost incinerate itself in flight. This is a major threat to the lives of 
the astronauts, if any, aboard the spacecraft, as well as those working at the station 
controlling the launch. This is unlikely to occur with the technology we have today, but 
there is always a risk when dealing with high-powered combustion. 
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 Over the past decade or so NASA scientists have made credible gains in the 
realm of Ionic Propulsion. Ion propulsion is more fuel efficient and faster than any other 
conventional spacecraft, and it’s cheaper than using than using any other propulsion 
system currently available. As of now, Ion thrusters are being used to keep 
communication towers stationary in orbit and for deep space missions (Michael 
Patterson 2014). 
High speed propulsion occurs gradually over time through the ionization process. 
There are two processes that NASA has been researching in which this action can 
occur. The first and conventional method for ionizing propellant atoms is called electron 
bombardment. Electron bombardment happens when high-energy, negatively charged 
electrons collide with a propellant atom with a neutral charge and a second electron is 
released, yielding two negative electrons and one positive ion.  
 A second method of ionization is called electron cyclotron resonance. Unlike the 
conventional method, the electron cyclotron resonance uses high-frequency radiation, 
usually done through microwaves, coupled with a high magnetic field to heat the 
electrons in the propellant atoms, causing them to break free of the propellant atoms, 
creating plasma. Ions can then be extracted from this plasma. A way in which this 
method could be powered in space is by the use of space based solar satellites that 
could direct radial energy to the spacecraft if it started to lose power (Michael Patterson 
2014). 
 
    
Figure 5-Ionic Propulsion Overview 
(Michael Patterson 2014) 
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The ion propulsion system consists of five main parts; 
 
• The Power Source- The system can be powered by any source of electrical power, 
yet solar and nuclear are the most efficient. Solar electric propulsion system (SEP) 
uses sunlight and solar cells for power generation, and nuclear electric propulsion 
system (NEP) uses a nuclear heat source coupled to an electric generator.  
• Power Processing Unit (PPU)-converts the electrical power generated by the power 
source into the power required for each component of the ion thruster. It generates 
the voltages required by the ion optics and discharge chamber and the high currents 
required for the hollow cathodes. 
 
• Propellant Management System (PMS)-controls the propellant flow from the 
propellant tank to the thruster and hollow cathodes. Modern PMS units have evolved 
to a level of complex design that no longer requires moving parts.  
 
• Control computer- controls and monitors system performance. 
 
• Ion thruster- processes the propellant and power to perform work. 
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Ion thrusters today are capable of propelling a spacecraft up to 90,000 meters 
per second that’s over 200,000 miles per hour. A space shuttle is only capable of 
reaching speeds up to 18,000 mph. The only setback with the ion thrusters is that they 
have a very low acceleration rate; ion thrusters today can only deliver up to 0.5 Newtons 
or 0.1 pounds (Michael Patterson 2014). In order for the ion thrusters to be affective and 
reach their top speeds, they are going to have to be able to stay in space for extended 
periods of time with no malfunctions. A chemical rocket is limited to the speed it can go 
by the thermal capabilities of the rockets nozzle. Since the ion thruster is only limited to 
the amount of voltage that is applied to the ion optics, the top speed these thrusters can 
reach is theoretically unlimited.  
  NASA has already been able to successfully use an ion propulsion system in a 
deep space mission. The NASA Solar Technology Application Readiness (NSTAR) 
project developed a 30-centimeter IPS that was used as the main propulsion on the 
Deep Space 1 (DS1) spacecraft from 1998 to 2001. This was the first time electric 
propulsion has been used as the main propulsion on a spacecraft. The NSTAR thruster 
on DS1 propelled the spacecraft 263,179,600 kilometers (163,532,236 miles) at speeds 
of up to 4,500 meters per second (10,066 mph). This was over a decade ago and since 
then technology has skyrocketed. With the capability these ion thrusters have they 
could be a major step in deep space exploration over the next 100 years or so (Michael 
Patterson 2014). 
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ROBOTICS 
NASA’s All-Terrain Hex-Limbed Extra-Terrestrial Explorer or ATHLETE for short, 
would be the most functional and efficient robot at this time to assist in a variety of tasks 
on the moon. “ATHLETE is envisioned as a heavy-lift utility vehicle to support human 
exploration of the lunar or Martian surface, useful for unloading bulky cargo from 
stationary landers and transporting it long distances over varied terrain” (All-Terrain 
Hex-Limbed Extra-Terrestrial Explorer n.d.). The ATHLETE is hexagonal in shape 
consisting of six limbs. It is in the design of these six limbs that allow for such versatility 
and functionality of the vehicle. Each limb contains six-degrees of freedom and seven 
motorized joints that work independently from each other. The independency of each 
limb allows the rover to keep cargo level when climbing uneven terrain. Attached to the 
end of the limbs are airless wheels. These wheels have the ability to lock in place, 
causing the wheel to mimic a foot. This ability enables the rover to walk, climb and drive, 
leaving almost no terrain the rover cannot explore (Popular Science 2013). The 
advantage of this design is self-explanatory when traveling a new and unexplored 
territory. Fastened to each wheel also are tool interfaces that allows for the attachment 
and release of tools with relative ease. “This allows the ATHLETE vehicle to perform 
almost any assembly, maintenance or servicing function, if equipped with the right tools 
(Popular Science 2013).” Tools can include: grippers, drills, and shovels to name a few. 
The rover includes a tool belt to store these tools when not in use. Adding to the 
versatility the limbs provide, the ATHLETE can split into two identical three-legged 
rovers named Tri-ATHLETEs and have the ability to stand 27 feet tall. The flexibility the 
ATHLETE offers will allow the rover to accomplish difficult tasks in undesirable 
scenarios that astronauts alone could never accomplish. The rover will harness both 
solar and nuclear energy through solar panels and hydrogen fuel cells to power itself 
while traveling on the lunar surface. All in all, the ATHLETE is covered with 48 cameras 
enabling effective human control and autonomous capabilities as well. I envision teams 
of Tri-ATHLETEs connected by big shovels or plows would be the simplest and most 
efficient ways of compiling and transporting lunar soil to furnaces for helium-3 extraction. 
These rover teams could push massive amounts of lunar soil together in a way very 
similar to a way a snow plow removes snow from the street by pushing the snow into 
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bigger piles elsewhere. Then with the other arms acting independently could the soil be 
thrown into the furnace starting the helium-3 extraction process.  
The functions of this robot do not stop at mining lunar regolith for Helium-3 
research. As discussed earlier, with the addition of the microwave sintering the robot will 
be able to build on the moon. If it can build the furnace on site then it will minimize 
materials needed from the earth. Furthermore; this robot has many different 
attachments that will allow for it to excavate and explore the lunar surface. This is going 
to be necessary for we know the materials present on the surface of the moon, albeit we 
do not know the materials under the layer of regolith on the moon. If the ATHLETE robot 
can probe the sub-lunar surface it leaves for the possibility of finding unknown materials 
that could be crucial to the later stages of lunar development. Remember the end game 
of this research base is to find all on site capabilities of a lunar base. For example, there 
is no evidence of copper on the surface of the moon, but it’s a useful resource for 
electrical systems, if copper is found under the surface it could then be mined for 
building on site electrical systems, then it wouldn’t have to be shipped from earth to the 
moon. So in this way it is crucial for the ATHLETE robot to explore the resources on the 
moon to mitigate costs of shipping materials from earth. Considering the accepted 
theory of the moons origin, we can expect to see similar materials on the moon that we 
do on earth, hence we can expect to find a good portion of necessary materials under 
the moon’s surface (Jen Heldmann, 2014). 
.  
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SUSTAINABILITY 
OXYGEN PRODUCTION 
  
Upon investigating various ways of extracting oxygen for use on the moon I 
narrowed the best ways to be either through solid/Gas interaction or through 
silicate/oxide melt process. This first process happens through the interaction of 
Ilmenite (FeTiO3), a material abundant in many mare rocks and soils, with Hydrogen, 
Methane, or Carbon Monoxide. When introducing one of these gases reduction begins 
reducing the Ilmenite into FeO and TiO2 resulting in oxygen being released. This 
produces water, which is then electrolyzed into H2 and O2. The hydrogen is then 
recycled back into the system. This process does not require much energy only 700-
1000 degrees Celsius (Taylor 2009). However, this process doesn’t come complication 
free. Some complications within this system derive from impurities in the soil such as 
Mg and Cr and their unknown implications in the process. In addition to these materials 
the combination of FeS found in association with Ilmenite. This compound has been 
found to create corrosive H2S and will require another step of removal from the 
products (Taylor 2009). If using a solid/gas interaction choosing Hydrogen would be the 
most economically efficient gas to use. This is because Hydrogen has the smallest 
recovery payback ratio compared to Methane and Carbon Monoxide. Additionally it is 
believed that the lunar soil has a viable source of hydrogen through the millions of years 
of solar winds reaching the moon. This gas would have the lowest reliance on materials 
from earth.  
The second process mentioned above, Silicate/oxide melt is conceptually simple. 
Through electrolysis of immersing two electrodes in a vat of molten silicate, oxygen is 
derived at the anode. This is a one step process without moving parts or reagents that 
requires no further refinement. Molten silicate electrolysis requires slightly more energy 
(1300-1700 degrees Celsius) then solid/gas interaction, which heightens stability and 
corrosion problems (Taylor 2009).  With the introduction of a flux like fluoride melt to 
dissolve the silicate can reduce some of the difficulties posed by the high-temperature 
requirements. The flux reduces operation temperatures and increases electrolyte 
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conductance. Other benefits of using the process are the one step nature of the process 
making it a continuous mode of operation. Also it uses unaltered lunar soil for feedstock 
and can be used to recover other materials, such as Al, the first material the process 
was designed for (Taylor 2009). If this process were chosen, the payback ratio would 
exceed the amount to make it economically viable solution with no reliance on earth for 
reagents. The modifications needed to make this process more viable would be to find a 
more efficient way to recycle electrolyte components back into the system and a more 
efficient vapor reduction phase process to be defined specifically.  
 
WATER PRODUCTION 
 
Over the past half century the stance on whether or not the moon contains water 
has not stayed consistent. Recent research has shifted the belief that the moon is in fact 
a hydronous structure, containing the fundamentals for water to be present. However 
these discoveries do not infer a homogenous spread of such volatiles, meaning some 
areas of the moon contain water while other areas do not.  
Recent orbital missions equipped with radar 
instruments have been able to observe and collect data 
that has not been accessible before. More specifically, 
India’s Chandrayaan-1, NASA’s LRO mission and 
LCROSS mission have yielded favorable results. Bistatic 
radar data has confirmed the presence of water in the 
shadowed regions that are in proximity to the lunar poles 
primarily in the form of ice (Mahesh 2010). This is an 
essential discovery for a moon base that would be placed 
close to the Shackleton crater. Having an easily 
extractable source of water (ice) within the area of the 
moon base would have beneficial implications, providing a 
resource for food production, fuel and the fundamental resource needed for overall 
Figure 6- Lunar North Pole Radar Map (How Much 
Lunar Water? 2010) 
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human survival. More specifically, radar instruments aboard India’s Chandrayaan-1 
have found 40 small craters near the Moon’s north pole that could contain up to 600 
million tons of nearly pure water (How Much Lunar Water? 2010). This radar map of the 
North Pole outlines the locations of craters that contain fresh and ice water. The yellow 
circles represent where fresh water is and the blue circles indicate craters that contain 
ice water.   
Reflectance Spectroscopy of the lunar surface has been able to detect 
hydronous species, primarily the hydroxyl OH-, in low latitudes a mere few millimeters 
into the lunar soil. With no distinct explanation as to how such particles have arrived to 
the moon, data from NASA’s Moon Mineralogy Mapper suggests that some of the water 
may have originated deep within the moon’s interior by the existence of magmatic water 
(Agle and Brown 2013).This could offer a greater source of water but converting such 
molecules into water would require more resources, mainly hydrogen, then extracting 
water from the polar ice.  
Although these orbital missions were successful in detecting water, we must turn 
to laboratory investigations to estimate how much water there really is. Using an ion-
microprobe technique to identify OH—particles in lunar samples has yielded a wide 
range of results ranging from small parts per million (ppm) levels to several thousands 
of ppm (Mahesh 2010). Estimations have also been made as to how much “bulk” water 
inhabits the moon inside the lunar magmatic regions. Calculations concluded a 
minimum water content of 60 ppb and 5 ppm (Mahesh 2010). The combination of 
observation and experimentation has yielded optimistic opinions, but not entirely 
favorable results. It seems that the water content is scattered in location and abundance 
across the moon in a heterogeneous fashion. Searching and excavating the moon as 
the only source for water could be a long and tedious process that may not yield a safe 
reserve of easily available water for a manned moon base. Looking for an alternative 
water source would offer flexibility and more water in the future.  
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As described above the moon is not barren of this essential compound, but such 
is scattered throughout the moon through different forms, making it difficult to discover 
and extract for a long-term vision of a moon base. Looking for alternative sources of 
water to the moon and earth could provide safety and security in future space manned 
missions, as this compound is essential to our survival. NASA is currently working on an 
Asteroid Redirect Mission or ARM with the aim of capturing, and redirecting an asteroid 
into a Distant retrograde Orbit. A DRO orbit provides long-term safe orbits by placing 
the asteroid in an orbit around both the moon and earth. This mission is aimed at 
capturing a 5-10 meter in diameter asteroid under 1000 tons (Muirhead and Brophy 
2014). Using an inflatable bag to encompass the asteroid, airbags would then be 
deployed to immobilize and secure the asteroid in place. Then using solar propulsion to 
redirect the collected asteroid into a DRO (Muirhead and Brophy 2014). While the aim 
of this mission is a small asteroid, a success could open the doors of the collection and 
displacement of asteroids in our favor. Martin Elvis an astrophysicist from Harvard 
University has estimated the amount of water-ore bearing asteroids in near earth orbit. 
Using a method similar to the Drake equation 
 (                         1) which was used to predict the number of 
communicative extraterrestrial civilizations in the Milky Way Galaxy, Elvis suggests that 
there are about 18 water-ore bearing NEA’s over 100 meters in diameter. While NEA’s 
as small as 18 meters in diameter are capable of such water bearing properties, Elvis 
decided to focus on larger asteroids, as they are much easier to locate, survey and 
more desirable to mine (Elvis 2013). While this is not necessarily a high volume, it could 
provide enough water until we set our eyes on other water-ore bearing asteroids located 
in the distant asteroid belt between Mars and Jupiter. In particular a dwarf planet 
located in the asteroid belt named Ceres has garnered a lot of attention as of recent 
from planetary scientists. The Herschel Space Observatory discovered that Ceres, 
                                                     
1
 N= the number of civilizations in our galaxy with which radio-communication might be possible, R* = the 
average rate of star formation in our galaxy, fp = the fraction of those stars that have planets, ne = the 
average number of planets that can potentially support life per star that has planets, fl = the fraction of 
planets that could support life that actually develop life at some point, fi = the fraction of planets with life 
that actually go on to develop intelligent life (civilizations), fc = the fraction of civilizations that develop a 
technology that releases detectable signs of their existence into space, L = the length of time for which 
such civilizations release detectable signals into space 
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which is also the largest asteroid in the asteroid belt, is currently spewing water vapor 
from its surface into space. Scientists believe that this asteroid may even contain more 
water than earth. NASA plans to arrive at Ceres within the next two years to map the 
asteroids surface (Griggs 2014). More discovery and investigation into Ceres could 
provide insight into where and how all the water in our solar system originated. Finding 
a viable water source is an essential step necessary in expanding our galactic presence 
for the future.  
 
 
 
 
FOOD PRODUCTION 
 
Growing food is essential for the progress and success of a sustainable manned 
moon base. In the last half decade huge strides have been taken towards indoor 
agriculture. In 2010, Mitsubishi chemical Holdings Corp had released a 40 ft. “vegetable 
factory” complete with insulation, water-circulation system and lighting. The next big 
step came in 2014 with the invention of new led lights by the General electric branch in 
Japan (ISURU 2010). The new lights emit wavelengths optimal for plant growth. The 
combination of these resources has recently been successful in creating 10,000 heads 
of lettuce per day in a space half the size of a football field (25,000 square feet). The 
integration of these new LED lights has helped productivity and efficiency immensely. 
They mimic night-and-day cycles to accelerate grow time to two-and-a-half times faster 
than a regular outdoor farm and lowered discarded produce from 50 percent to 10 
percent. This has increased farm productivity per square foot 100-fold compared to 
outdoor farming (Lettuce See the Future: Japanese Farmer Builds High-Tech Indoor 
Veggie Factory 2014) . The LED lights are extremely thin which allows for more 
production possibilities in confined spaces, a perfect quality to have inside the lava 
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tubes. Also the LED lights are powered by solar cells. This coincides with the main 
staple of lunar power, solar panels. All the qualities of indoor agriculture and lunar 
capabilities match up for the integration of “vegetable factories” on the moon. The tubes 
provide a safe and stable environment for the plants to grow safely. The space saving 
qualities of the system allows for placement inside of the tubes and the moon power 
source is perfect for powering said factories. As I see fit, this is the most practical and 
promising way of reaching a sustainable food source on the moon for the near future. 
A food grown on the moon will need to be diverse in nutrients and pack the most 
punch. We searched for certain foods that would fit the bill, a food that could be grown 
with a relatively low amount of water and pack all the nutrition anyone could need in a 
single serving. That might seem outlandish, a perfect food, but interestingly enough we 
stumbled upon the chia seed. A native plant to Mexico the Chia plant has a deep history 
with natives like the Aztecs and the famed super-running Tarahumara tribe (Martin 
2014). Grown in an arid climate scarce of water the plant yields primary fatty acids, 
dietary fiber, and protein, for these reasons we think it would be the perfect fit for the 
crop utilized on the moon as it would provide astronauts with a healthy dose of essential 
nutrients without the need of other foods shipped from earth (McFarland 2013).  
Another plant we suggest growing is Sansevieria Clyndrica, better known as the 
African Spear plant. Native to Angola, this plant has possesses qualities that would be 
beneficial to a sub-surface environment. The African Spear plant is said to “thrive on 
neglect (Plants and Flowers 2013) ” meaning very little attention is needed to keep 
these plants alive. They require a minimal amount of water and are resistant to light and 
temperatures fluctuations. One last major benefit is the belief that these plants act as 
good air purifiers, removing toxins from the air. They have fostered the reputation as a 
cure for sick building syndrome. Sick building syndrome describes the ill effects of too 
much time spent in a building. Sick buildings are characterized as having flaws in 
ventilation, a problem that could very likely occur inside a sub-surface structure such as 
a lava tube. The African Spear plant has the ability to make this environment more 
hospitable for our astronauts at the same time not requiring many resources or much 
maintenance.  
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NEO MONITORING 
Lunar Telescopes  
“The moon has no atmosphere, which means no blurring or absorption of 
starlight, and it provides a large, stable platform.” (Peter Chen, a scientist at 
Goddard Space Flight Center) 
 
Lunar telescopes are the next advancement in solar system exploration. Lunar 
telescopes can be used to monitor Near Earth Objects (NEOs) for detecting things like 
weather monitoring, as well as monitoring of NEOs. The more powerful telescopes will 
be used to further Solar System exploration, being able to discover other earth-like 
planets, and potentially discover other forms of life. They will also be able to look back 
into time when the earth was only half a billion years old or so and see the beginning 
stages of Solar System, looking at stars and galaxies. (Paul Hickson 2007) 
 A telescope that is going to be located on the moon is going to be liquid 
based,  due to the fact the trying to transport a glass mirror to the moon is near 
impossible. A liquid-mirror telescope acts as a rotating dish of liquid that acts as the 
primary mirror; mercury is the most commonly used right now and is ideal, but it is too 
heavy to transport to the moon. The liquid based telescopes cannot be moved 
once they are set in place but have the potential to be hundreds of times more powerful 
than glass mirrors. These powerful mirrors will cost about the same if they were made of 
glass and would actually be easier to assemble in space. With mercury being too heavy 
to transport by shuttle launch, scientists need something else that can be accessible on 
the moon, or light enough so that it can be transported without being too expensive. 
NASA and MIT have worked together to use what is called an ionic liquid that could take 
the place of mercury as the liquid for the telescope. Ionic liquids are carbon containing 
salts that freeze only at very low temperatures, and they also have a very high viscosity 
which means that the liquid is very thick and if the mirror were to be obstructed, there 
could be a small window of time to repair it before the liquid spills out. (Trudy Bell 2008) 
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Unlike mercury, ionic liquids are not reflective which means they require a thin 
metal coating on the surface to turn the pool of liquid into a mirror. The liquid-mirror 
telescopes can only point in one direction when they are assembled and they need to 
be spun at an accurate rate consistently so that there is no distortion. For this, energy 
and power are needed to make sure the pool of liquid is constantly rotating. One way 
this can be done is by the use of solar panels, even though solar panels don’t absorb 
solar energy as much as they should, the dish only needs minimal power to be spun at 
a very slow rate, “about the pace of a brisk walk.” (Trudy Bell 2008) 
The framework and structure of the telescope is not as hard to build and assemble 
as you would think. Scientists at NASA and MIT have found a new way to develop a 
concrete like material from the lunar regolith. With a mixture of carbon nanotubes and 
epoxies (glue like materials) as well as crushed rock that has the same composition as 
lunar dust, the scientists have been able to create a cement like material that can be 
used to construct the telescopes. (Trudy Bell 2008) Building a telescope in which 90 
percent of its materials come from the moon makes it easy to transport the remaining 
parts to the moon and scientists are no longer limited to the size of the telescope they 
can build, and with the power of the mirror depending on its size, the mirror could be 
infinitely powerful. Right now there is only a two inch mirror that was made to 
demonstrate the technology. The plan is to have the mirrors be built by robots. This is 
safer than sending astronauts up there to do it, due to harsh weather conditions and a 
lack of gravity. The location of the telescopes is going to be very specific. The 
telescopes need to be located in a crater that is permanently shadowed, this is so 
temperatures will stay cryogenic, or extremely cold, which is desirable for infrared 
astronomy.  
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Figure 7- Lorentz Force Diagram (Harris 2005) 
LUNAR RAIL GUN 
With the advancement in railgun technology, 
a hypersonic delivery system between Earth 
and the moon is not a farfetched concept. A 
railgun harnesses electromagnetic power 
using the Lorentz force to propel a projectile. 
When electrical currents are passed through 
the perpendicular rails, a magnetic field is 
expelled. By inducing opposite currents 
within the rails, the net magnetic field 
between the rails is directed vertically. This 
in turn provides a perpendicular Lorentz 
Force that pushes the projectile out of the system. “The magnitude of the force is determined 
by the equation F = (i)(L)(B), where F is the net force, i is the current, L is the length of the rails and B is 
the magnetic field (Harris 2005).” Current railgun technology is being developed for military 
purposes, but a system that converts electrical energy into projectile kinetic energy 
without the limitations of the speed of sound would establish an efficient, economical 
way to send materials from the moon to earth. Based on economic figures from 2008, a 
$70 million dollar investment in a railgun that would last approximately 10 years would 
have the capabilities to lower the price per kilogram for space payloads to roughly $6 
per kilogram (Bolonkin and Krinker 2010). This is immensely cheaper than the current 
$2,000 per kilogram cost for space payloads at this time. This proposed railgun 
launcher would be 412 meters in size and accelerate at 7.5x103  g’s. However this 
extreme force could only be used to send unmanned hardened payloads. A railgun 
capable of sending the average human being would have to be much larger, roughly 
1,100 km. This would lower the acceleration force to about 3 g’s making it safe for the 
human body. Due to the immense size necessary for safe travel I cannot envision 
railguns being used for manned launches into space. If we were able to move mass-
scale manufacturing to the moon, establishing a railgun transportation system to send 
materials and products from the moon would allow for huge economic profits. Currently 
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to ship a 100 kg payload from the eastern United States to Japan using FedEx costs 
around $4,700. At the approximated $6 per kilogram price for railgun transportation, to 
send the same payload 35 times the distance (from the moon) would only be $600, 
6/47th’s of the original price. As you can see with the advancement in a railgun 
technology for galactic transportation, the costs would be fractions of what it is to ship a 
payload commercially halfway across the world. By lowering payload prices, the 
expenses of shipments can be reduced. 
 
 
Economic Capabilities  
We are almost beginning a new age of space commercialization, with only 
minimal economic and technological constraints holding us back. Why wait for this new 
era to begin when we could usher it in ourselves. I believe through the combination of 
establishing a railgun transpiration system on the moon and through extraction of 
helium-3 from lunar regolith we can expedite the future era. The biggest factor hindering 
space advancement is simply money. At approximately $2,000/kg cost for payloads to 
reach space, the opportunities available to enter space are minimal. By harnessing the 
fuel capabilities of helium-3 and establishing a cheaper launch alternative, we will be 
able to kick open the doors for a rapid future space advancement.  
 Fusion technology for helium-3 is in a premature state due to the almost non-
existent supply of the isotope on earth. A source of helium-3 is necessary to develop 
fusion technology. As discussed earlier there is an abundance of the isotope on the 
moon. The combination of current fusion technology and payload price has hindered 
mass mining for this gas. If we can cut down payload price then helium-3 extraction will 
not seem as risky. I propose establishing a rail gun on the moon to shoot payloads of 
helium-3 back to earth so we can advance fusion technology. There’s not a doubt in my 
mind that if more helium-3 were available, the timeline of fusion technology fruition 
would be shortened immensely.  
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 The moon has an escape velocity of 2.4 km/s. Currently the U.S. navy has 
developed a rail gun capable of shooting a projectile with a velocity up to 5,369 mph. 
This current rail gun has the ability to shoot a projectile with enough acceleration to 
escape the moons gravity and into orbit. By 2016 the next stage in this rail gun 
development is to achieve 10 rounds per minute firing rate. This system requires 32 MJ 
of energy to function. By building solar panels on the moons using lunar materials, the 
rail gun could be powered without raising additional costs of operation. With only some 
small advancements, I can imagine this rail gun of being able to send helium-3 payloads 
to earth at a much lower cost.  
Most of these advancements will be needed to improve the aero-shell that would 
transport the payloads. I propose lining the outside of the aero-shell with a Teflon skin 
and a substance with a low boiling point such as a polycarbonate. The Teflon skin 
would evaporate quickly and the polycarbonate would vaporize. This would form a 
frictionless layer of gas around the aero-shell (Szondy 2013). Reducing friction would 
increase the aero-shell speed and reduce launcher wear. Also, I would place a rocket 
thruster on the back end of the aero-shell. This would aid in the accuracy of the 
payload’s journey back to earth. Next, I believe, is the most important advancement. 
Due to the extreme launch speeds a sufficient cooling design is needed. It is imperative 
that the system does not increase the whole weight of the aero shell by too much. By 
looking at other examples of where coolant is necessary like high Mach re-entry 
vehicles, the problem posed can be solved. Building the aero shell primarily out of a 
carbon composite would not encumber the payload weight to an excessive degree. 
Current “modern carbon-carbon ablation and transpiration thermal protection systems 
are deemed adequate for Earth atmosphere transit at velocities up to 8 km/s (Knowlen, 
Joesph and Bruckner 2007)”, therefore adapting this technology for the aero shell would 
help combat the intense temperatures posed.  
The ideal location for the proposed railgun launcher system would be near the 
Shackleton Crater. The location would allow for integration of high-temperature 
superconductors into the system. The free flowing energy characteristic would cut down 
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on recharge time in between shots. This would allow for more payloads to be launched 
increasing efficiency providing us with more helium-3 back on earth quicker. 
As discussed before the establishment of a rail gun transportation system could 
drop payload prices as low as $6/kg, cheaper than global transportation currently. This 
idea would cause for a hefty capital investment, comparable to the investment of 
sending a rover to mars. However I believe that with new helium-3 infrastructure to be 
established from this system, the capital investment would be regained relatively quickly.  
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POWER ON THE MOON 
ORBITAL SOLAR CAPABILITIES-  
In order to establish a base on the moon, you are going to need a source of 
constant energy to be able to power machines and robots. One way in which this can be 
achieved is by placing giant solar panel satellite systems in the sky to absorb the Suns 
Solar rays, and convert them into electrical energy. The Japanese Aerospace 
Exploration Agency (JAXA), who is the leading research agency in the world for space-
based solar power systems, has a plan to do just that. They plan on using geocentric 
orbiting solar panels to harness the energy of the sun, and then beam the energy back 
to earth using microwaves. The microwaves will then be converted into electrical energy. 
  Transmitting that power over long distances can be complicated and can only be 
achieved by converting the electricity into either a laser beam or a microwave beam 
(Susumo 2014). A laser beam has its positives and negatives, lasers can be very 
powerful and efficient when they are uninterrupted. Lasers cannot puncture the Earth’s 
atmosphere, rendering them a useless form in terms of transporting the energy. 
 A more efficient way of transmitting electricity through the use of space-based 
solar panels is a microwave beam. A microwave beam with a wavelength of about 5 to 
10 centimeters would not experience the same transmission problems as the laser. 
Microwaves also have an advantage in space-based solar power systems, due to the 
energy being converted twice. First from Direct Current (DC) power to microwaves 
aboard the satellite, then from microwaves to DC power on the ground (Susumo 
2014) .So far, researchers have achieved about an 80 percent efficiency for 
conversions on both ends, these are numbers that electronic companies strive for.  
 If we want these satellite systems to produce the estimated power of 1-gigwat 
(GW) (which is currently the same amount as a typical nuclear power plant, they are 
going to need to be very large to be able to absorb enough energy from the sun. The 
giant satellite has to be about 15 to 20 kilometers long, weighing more than 10,000 
metric tons (Susumo 2014). There will be two two kilometer long panels on either side 
with a 14 kilometer bus in the middle to act as the control station and to stabilize the 
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satellite. Stabilizing the satellite is a major component when it comes to saving money 
on fuel by not having to activate attitude control systems, which act as thrusters to move 
the satellite back into position.  
There is also another major component of these satellites systems that needs to 
be achieved into order to increase the strength of the beam to generate maximum 
power. The component is giant space mirrors. The mirrors would be placed in location 
relative to the satellite where it could reflect the suns energy directly to the solar panels 
and develop ultimate power.  
 
MOON POWERING 
 A moon base is going to need a constant source of power and electricity to be 
functional, and placing solar panels directly on the moon really isn’t going to produce 
the amount of energy we are looking for. By placing a satellite system around the moon 
with a receiver on the moon’s surface, we could begin the early stages of developing a 
base. Once we have developed a functional base, we could start the manufacturing 
process of components of the base, such as robots or building structures, but also 
making more satellites.  If more space-based solar satellites are produced then the 
available energy to power the moon base is immense. When you are able to produce 
these satellites on the moon, there is no limit to the size of the satellites being made. 
Using this concept of beaming the energy from satellites frees some limitations of the 
base. In the case of establishing a base in the lava tube, with the necessity of solar 
power, the lava tube will not need to be located around the Shackleton crater. It could 
be located anywhere close to water as long as solar energy can be sent to the base 
from above.   
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SUPER CONDUCTORS  
 
Dutch physicist, Heike Kamerlingh Onnes, discovered the phenomena of 
superconductivity on April 8, 1911. Onnes discovered that when certain materials are 
cooled to extreme temperatures, the electric resistance inside the conductor is almost 
non-existent.  This allows for the electric current to flow freely indefinitely with no power 
source.  
 In normal conductors, electrons are constantly colliding with ions. This causes 
energy to be absorbed within the ionic lattice causing the creation of heat. The heat 
then dissipates resulting in a loss of energy. This process is known as electrical 
resistance.  
 When electrical resistance is near zero, large amounts of electrical current can 
be stored for an immense amount of time with no energy loss. This means 
superconductors can theoretically conduct electrical currents with perfect efficiency. 
Superconductors can also conduct a lot more electricity than your normal conductor. 
For example superconductors compared to a normal conductor such as copper can 
transport currents up to 100 times more (“Department of Engineering” 2014).  
 The London Theory poses another fascinating property of superconductors. The 
London Theory states magnetic fields are actively expelled from superconductors. This 
means superconductors create magnetic fields around the electrical current present. 
The larger the current, the larger the magnetic field will be created (Nave, N.D).  
 The combination of these two properties of superconductivity can be used to 
improve space habitat safety and capabilities in the future. On some dark parts of the 
moon temperatures reach extreme low rates. Specifically the Shackelton crater, which 
is located on the south pole of the moon. While the outside of the crater is exposed to 
almost constant sunlight, the shadows within the crater cause temperatures to never 
exceed 100 kelvin. This is an ideal environment where high-temperature 
superconductors could be used. Superconductors could operate inside the crater, 
powering and storing energy for a moon base located just outside the crater. Solar 
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panels located outside the crater could harness energy from constant sunlight and 
transfer the energy to the superconductor inside the crater. With no electrical resistance 
present, this energy could be used or stored indefinitely as a backup generator. Being 
displaced from the resources available from earth, efficiency is essential for keeping a 
moon base alive. Compared to a normal popular conductor like copper, 
superconductors conduct current 100 times better and are nearly 100% efficient while 
copper loses more then 1/3 of its energy in heat. Superconductor energy effectiveness 
is a quality that would be greatly appreciated in such a scenario.  
 Harnessing the other quality of superconductivity would help protect astronauts 
from the constant radiation exposure in space and on the moon. As cited before 
superconductors expel magnetic fields when introduced with currents. It is no secret 
earth’s magnetic field helps shield us from cosmic and galactic radiation however no 
such field exists around the moon. Large superconductors could be placed to create 
magnetic fields to shield our astronauts from radiation exposure. On a small scale the 
superconductor inside the Shackelton crater could expel a magnetic field around the 
base outside the crater, combating the radiation bombardment on the lunar surface. 
Solenoid coils when induced with electrical current create uniform magnetic fields. 
Creating a solenoid coil out of superconducting material could allow a larger uniform 
magnetic field to be expelled. With correct placement, magnetic fields could be created 
to protect certain areas on the moon where astronauts would be residing. In a larger 
sense, astronauts colonizing the moon would benefit immensely if a magnetic field 
where established around the moon. Offering the same benefits our magnetic field 
around earth offers. Placing massive superconductors on specific uniform points on the 
moon could help accomplish this feat. Specifically, large superconductors placed on the 
poles of the moon would aid in this vision. These areas offer the lower temperatures 
superconductors need for operation. Also this would mirror earth’s magnetic field 
configuration, a configuration that has been known to succeed for millions of years.  
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LUNAR DEFENSE PLAN 
A moon base will need significant protection from various threats in order to 
succeed. Space poses many dangers ranging from meteors, comets, and radiation. 
With no atmosphere to protect from foreign objects even the smallest of meteorites 
threaten a base and its inhabitants. Of course, if the base was in a lava tube many of 
these risks are mitigated, but we fail to imagine a moon base that has absolutely no 
stake on the surface, as research and exploration will need to be conducted there.   
To help deter meteors first they will need to be detected. Considering the moon 
doesn’t stay in one place meteors in all directions should be taken into account, as 
spinning object is subject to encounters from all directions. If a system of satellites is 
dispatched in orbit of the moon to detect all near moon objects (further referred to as 
NMOs) then possible threats can be detected from all directions. These threats can then 
be analyzed to see if they pose any danger to the base. Calculating the trajectory, size, 
and speed of said objects will lead analyzers to a conclusion if the objects are 
dangerous or not. Once concluded to be dangerous, an aforementioned system of 
debris deterring robots could be dispatched. Larger threats can be “nudged” of course 
and smaller potential threats could be caught by a system of orbiting robots. 
Considering the possibility of meteor showers there will need to be a significant number 
of these robots, or perhaps large scale robots capable of capturing numerous amounts 
of threats at a time.  
If a threat is incapable of being deterred by the previous system an emergency 
escape plan must be established.  For this reason escape pods must be stationed on 
the moon base for a quick and easy escape. Not only for the astronauts, but for the 
robots as well. They are not as valuable as the lives of the astronauts, that’s why we 
have robots, but the shear cost of getting them to the moon should be convincing 
enough to keep them safe in the event of an emergency. A program for all lunar robots 
could be established to bring them to an escape pod or shuttle where they can then 
evacuate the surface of the moon by launching into orbit if they cannot reach the 
underground base or if there is no underground base. Furthermore, it may be wise to 
make research stations on the surface capable of evacuating the moon. As discussed 
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earlier the surface base could consist of pods filled with, and covered by regolith or 
regolith resin. If they are incased perhaps a system could be installed that would 
excavate as well as launch the pods with the astronauts and the equipment in a 
harmonious escape.  The pods would need to detach from one another too, because if 
they were connected and one failed it would compromise the entire escape system. If 
this were the case: the base, the astronauts, and the robots could evacuate, orbit the 
moon to a safe position until the threat passed, orbit back to the south pole where the 
former base was located, and re-establish the base.  
To completely abandon the base would cost hundreds of millions of dollars. To 
leave expensive equipment behind for certain doom would cost even more money. It 
would be in the best interest in those funding this trip to have an evacuation plan as 
discussed earlier. This evacuation should be done seamlessly in the face of danger.  
A plan that would require the evacuation of such a base in the threat of total 
destruction, aiming only to save the lives the astronauts aboard would insure the loss of 
hundreds of millions of dollars, years of hard work to establish the base, and most likely 
deter any investor from attempting to build another lunar base. The base needs 
longevity if anyone is going to build it, otherwise it is a potential hazard and not worth 
establishing in the first place.  
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LONG TERM CAPABILITIES 
For long term goals of the moon, which we predict is a half a century or more 
away, would be an industrial helium-3 producing base, inhabited by a small population 
of humans and a larger population of robots. The base would still have some research 
purposes, but the idea is for it to be used as a mining operation for fuel on earth, a living 
complex for humans, and an inter-solar system airport.  
 
Industrialization  
In a chapter labeled Rocks to Robots in the book Lunar Settlements authors Lee 
Morin, Sandra Magnus, Stanley Love, Donald Pettit, and Mary Dittmar offer a great 
piece of consideration for a lunar base. The chapter outlines the necessity of using the 
resources on the moon for construction and manufacturing.  In their words they would 
“…turn regolith into telepresence workstation” essentially building more robots out of the 
regolith. In the articles they outline how the lunar regolith is capable of developing into a 
multitude of different materials. Through a heating process regolith can be 
manufactured into glass, as mentioned earlier regolith can be sintered with a microwave 
to form material, used to make mirrors, and finally extract iron from the regolith and any 
other deposits on the moon as there is a high quantity present in the regolith. With the 
ability to harvest these materials and the addition of few materials on earth, solar panels 
can be created on site; the only resource needed from earth will be aluminum to create 
a film for the solar panels. The researchers estimated the efficiency from these on site 
solar panels to range from 6-10%. After noting that this is a less than desirable amount, 
entire fields can be established with the available space on the moon’s surface. The end 
goal would be to have robots on the moon capable of creating more robots to complete 
a variety of tasks, in this case an entire force of robots could be produced exponentially 
(Morin Lee, 2010). 
Such a self-sustaining, self-expanding base would minimize the cost of shipping 
more materials from the earth to the moon, making it a highly desirable reality to obtain. 
The best robot for use on the moon would be one that would have a variety of uses. In 
this case the ATHLETE robot would be the correct choice.  
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The individuals mentioned above coined this concept “rocks to robots”. We like to 
think it may have bigger implications in the future as a Robotic Industrial Colonization 
process or RIC for short. The general concept of RIC is simple: robots are sent to 
colonize a terrestrial body for industrial purposes, developing a process to reproduce 
themselves in order to minimize costs and increase efficiency. Again the goal in mind is 
for robots to reproduce themselves on the moon with the given resources found and to 
then set up an industrial level mining, processing, and shipping operation for helium-3 or 
any other resource worth mining for that matter.  
Now this may seem a little over the top, but with recent developments in 3D 
printing scientists claim to be on the verge of 3D printing entire robots including arms, 
engines, electrical systems etc. (Gaudin 2014). If such a process could be used on the 
moon with resources locally extracted by robots, the cost of industrializing the moon 
would be minimal. A key concept of RIC is its cheapness. The majority of the work is 
done in programing and designing robots as well as researching. The second stage of 
lunar development will need to incorporate RIC, and it will be the first RIC project of our 
civilization.  
Reproduction 
Regolith contains a high amount of silicone which just so happens to be a very 
useful material in 3D printing. Robotic appendages have been 3D printed before, and it 
is the goal of many researchers to develop a machine that can 3D print an entire robot 
as mentioned above. Ideally the process would 3D print the entire robot from lunar 
resources alone, but this idea potentially reaches farther than the technology and 
resources may allow. With the current technologies we have now, and the current lunar 
materials we know of, iron can be produced to perhaps build appendages or frames, 
and the high silicone property could allow for the 3D printing of arms, attachments, 
bodies, etc. If worst comes to worst and no further useful materials are found on site 
then robots parts and engines will have to be sent from the earth to assemble the rest of 
the robots on the moon.  Once a production process is developed than as many robots 
as needed shall be constructed. If we do find more robotic building material on the 
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moon then the process will be very cheap as the robots could quite literally build and 
repair themselves.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P a g e  | 54 
 
LOW EARTH ORBIT DEBRIS 
 
INTRODUCTION 
Years ago scientists predicted the accumulation of space debris in earth’s orbit. 
In 1978 Don Kesslar and Burt Cour-Palais unveiled the future issue of space debris. 
They claimed as space traffic increased, collisions and explosions will eventually lead to 
a growth in space debris (Christophe Bonnal 2013). As of 2013 only 7% of objects 
orbiting earth were functioning satellites. Currently the debris from over 250 collisions 
and explosions are now orbiting earth after 50 years of space operations. The only 
current forms of mitigation provide no immediate response to the growing space debris 
population. With space debris accumulating the issue threatens the security of future 
space missions. We find the majority of the debris in an area known as Low Earth Orbit. 
(ESA 2013) 
The increase of low earth orbit debris offers a difficult challenge for current and 
future space missions. Low earth Orbit or LEO consists of an orbital altitude between 
200 and 2000 km. Studies concluded in 2008 that if all space launches ceased “the 
current satellite population would remain relatively constant for only the next 50 years or 
so (J.C Liou 2008).” the author goes on to conclude that satellite missions will only 
increase. As of 2008 “more than 9000 Earth orbiting man-made objects, with a 
combined mass exceeding 5 million kilograms, are tracked by the US satellite catalog 
(J.C. Liou 2008).”  
To help understand the implications of the growing space debris and the potential 
dangers they pose NASA created the LEGEND model. LEGEND stands for LEO-to-
GEO Environmental Debris. The software models historical as well as future space 
debris populations in LEO. Using historical data to model “launched rocket bodies, 
spacecraft, and mission-related debris (rings, bolts, etc.)”  LEGEND can simulate debris 
up to 1mm in size, but only object of sizes 10cm or more were considered for collisions. 
Historical data from 1957 to 2005 was used and the simulation lasted 200 years after 
2005, it assumed that no new debris (satellites, booster stages, etc.) were added after 
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2005. There were three cataloged collisions from 1991 to 2005 alone between satellites. 
The future predictions can be viewed from this table.  
The table above outlines 3 different types of Debris collisions. Intact on intact 
would be a satellite on satellite collision or a satellite on booster stage collision and so 
on. Intact on fragment would be a satellite on debris collision, debris can range from 
loose nuts and bolts to fractured pieces of a damaged satellite.  Fragment on fragment 
are collisions between debris and other debris. In each type of collisions thousands of 
more space debris are produced and even small pieces the size of a screw pose 
dangers to satellites and space missions in LEO. In the end the simulation concluded 
and average of 17.1 collisions per year would occur over a 200 year span. To reiterate, 
that’s based off of the assumption that all orbital space missions ceased in 2005. 
The Graph Below shows the modeled the total amount of space debris resulting 
from 200 years of collisions and explosions, assuming space missions stopped in 2005. 
Figure 9-Collisions Per Year Assuming All Orbital Missions cease in 2005 
(J.C. Liou 2008) 
Figure 8- Average number of Collisions from 150 simulations assuming no new 
launches after December 2005 (J.C. Liou 2008) 
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The graph indicates that the amount of debris 10cm or greater will accumulate as 
debris-debris collisions and catastrophic collisions with intact space craft occur. To 
restate an earlier point, an explosion or collision creates thousands of smaller debris. If 
satellites are hit by these debris it exacerbates the issue by making thousands of more 
debris. LEO objects create a small drag force with the thin atmosphere. This gradually 
slows down the object so that it loses altitude. With larger bodies the drag is greater and 
the objects will drop in altitude faster, but with smaller objects, the ones the size of nuts 
and bolts, it takes hundreds to thousands of years for them to drop from orbit. They 
proceeded to conclude that satellites should have a reduced in orbit time to 25 years 
maximum, and that this will mitigate the amount of debris; however, it will not be suffice 
to reduce the population (J.C. Liou 2008).   
The same authors furthered their research with the LEGEND system in another 
study. This study took four scenarios. In the first scenario no effort is made to reduce 
space debris, the next three scenarios accounted for a concept the researchers referred 
to as active debris removal or ADR. The three scenarios calculated ADR if implemented 
by 2020 at levels of 5, 10, and 20 objects removed per year. Their results are indicated 
below.  
 Figure 10-Amount of Debris 10 cm or greater per year Affected by amount of ADR 
(J.C Liou 2008) 
P a g e  | 57 
 
Figure 11-Cumulative Collisions per year Affected at different levels of ADR 
(J.C Liou 2008) 
The graph illustrates a dramatic increase of debris if no alleviation takes place. 
Depicting a linear increase with five debris removed per year and a slower increase in 
ten to twenty debris are removed per year. The graph clearly illustrates the need for 
ADR. When no ADR is implemented the amount of debris sky rockets out of control. 
The amounts of collisions in 
each scenario were presented by the 
graph to the right. With a no mitigation 
policy we can expect to see an 
exponential amount of debris and 
collisions within LEO. The data from 
these studies imply that LEO will soon 
be a very dangerous area and will limit 
space missions in the future. Current 
mitigation restricts LEO life times to 
the 25 years, with future possibilities 
from SpaceX which could see rocket boosters returning to earth for repetitive use as 
opposed to leaving the booster stages in orbit. As these studies concluded there is a 
huge need for debris removal for simply not adding more debris will not correct the 
issue of current debris in LEO.  
 
Another future fear is the development of Debris belts, also known as Kesslar 
Belts. These belts could be very dangerous and recent evidence suggests that such 
formations are developing. The graph below shows the frequency of collisions per 
altitude. The graph suggests areas from 750-1000km and 1400-1550km contain the 
highest frequency of collisions. It’s no surprise that these areas were also found to be 
the most dense in terms of debris and satellite traffic. 
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The worrisome conclusion many have drawn is; in these heavily dense areas a 
critical mass has been exceeded. By this they mean that even if additional satellites are 
banned from such areas the amount of debris will only increase from future collisions of 
debris already in orbit. The issue being even debris from sizes “1mm to 1cm can cause 
significant damage if it hits vulnerable parts of the satellite (Chen 2011).” If the 
population of debris increases from imminent future collisions, LEO space may become 
completely uninhabitable for future space missions. The only way to avoid such a 
catastrophe would be to clean up the larger debris floating in LEO to avoid future 
collisions.  
ACTIVE DEBRIS REMOVAL 
There have many different propositions for active debris removal in the past 
decade. The forms that ADR can take depend on the satellite. Some satellites may be 
dangerous to send back into the earth’s atmosphere and strategically sending them to 
areas with little to no human population is necessary. Other satellites pose no harm 
upon reentry and can be dealt with in a less calculated manner.  The latter approach 
requires less calculation and allows for a variety of strategies for removal. The former 
option is far more complicated of a procedure. Both options require a number of 
processes to track, follow, and intercept the debris. Using the known data of where 
these debris are most populated, researchers believe ADR in these altitudes will be the 
most beneficial. As discussed in the previous section, reducing up to 10 critical debris 
Figure 12-Nomalized Distribution of predicted catastrophic collisions as a function of Altitude. About 60% 
occure between 900 and 100 km altitude (J.C Liou 2008) 
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per year will greatly reduce future collisions and stray debris well, as a single collision 
can cause up to 1000 or smaller debris.  
Researchers currently have a grasp on the critical areas that need debris 
removal. In this quote the researchers identify the satellites posing the highest threats: 
“A ﬁrst general identiﬁcation of the most critical regions has been established by Liou in 
Ref. [6] with the description of the 10 most interesting orbital regions. Such a list can 
also be established considering debris individually and no longer by orbital regions. This 
sorting has for instance been proposed by Wiedemann in Ref. [7]. The summary of the 
24 high-risk objects with the highest probabilities of catastrophic collisions and 
generation of high numbers of debris is given (considering only known, cataloged 
objects); it starts with Envisat, then includes some 20 Zenith upper stages; in that sense, 
this kind of sorting leads also to deﬁne promising regions, not just individual targets 
(Christophe Bonnal 2013).” 
 
They then provided this graph to disclose the 
high impact regions:  
From a latitude perspective this graph put the 
major collision area’s around the poles. The 
Poles of the Earth are the deadliest area’s in 
terms of space traffic (ESA 2013).  
 
These area’s and the debris mentioned earlier are under the most scrutiny. There 
must be a system implemented soon to stop further collisions or more collisions will 
occur, It is not a matter of “if” it is a matter of “when”.  
Further investigation of ADR lead to our understanding of the difficulties in 
performing ADR. These dead satellites and old booster stages relay no radio signals on 
their positions back to earth. This means that these debris must first be tracked from 
Figure 13-Critical ADR orbital zones (J.C Liou 2008) 
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earth. The first long ranged part of the rendezvous must use absolute location. This 
means it must use data from ground satellite trackers to make a general assumption of 
where the satellite will be at a given period of time. The ADR chaser must then identify 
the debris itself using some type of sensor: radar, visual, laser range finders, etc. 
According to researchers “One promising technology has been presented by Astrium, 
worth mentioning here: a vision-based solution using a monocular camera enables to 
assess the pose (attitude and position) of a Target; by comparing with the a-priori 
known 3D model of the Target, it enables a real time assessment of its [position] 
(Christophe Bonnal 2013).” However, they followed by noting “no single technology can 
cover the complete function” of tracking the debris close range.  
The next issue pertains to attaching the ADR device to the debris. In this case a 
few options pose solutions. One is a “no contact needed” debris removal. Something 
like an ion beam that would blast radiation at the debris causing a propulsion to a lower 
orbit that would lead to re-entry. Solutions in this category are much more risky in terms 
of safe-re-entry with a low risk of collateral damage. The next option is to catch the 
debris with a mechanical arm of a robot. This allows torques to be applies to the satellite 
which can than cease tumbling of the satellite. The final option would be a soft interface 
like a net or a harpoon, something that would grapple or ensnare the satellite from a 
distance (Christophe Bonnal 2013).  
The next step would be to cease the object from tumbling. In the case of using a 
robot to capture the debris the de-tumbling of a worst case scenario would take roughly 
10 seconds of thrust according to researcher (Assuming a tumble of 5 degrees per 
second). From the same source researchers concluded that no de-tumbling may be 
necessary for soft-interface solutions. However; no major work has been done to model 
the stability of these options if the satellite remained tumbling and is considered a key 
unknown in soft-interface solutions (Christophe Bonnal 2013).  
The final procedure is the deorbiting of the debris.  Depending on the size and 
composition of the debris it must be deorbited in a controlled manner. To give a rough 
idea of what sized object this would be researchers proposed these guidelines “if a 
debris has a mass higher than 500–1000 kg, it shall be de-orbited in a controlled way.” 
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This would mean any satellite not considered a miniaturized satellite (a satellite less 
than 500 kg (Wikipedia 2014)) would need to be deorbited in a safe and controlled 
manner, hence the majority of the satellites that are under consideration for ADR need 
to be deorbited safely, for all these debris will be of considerable size. This rules out a 
number of deorbiting techniques like drag augmentation devices and non-contact 
propulsion. Researchers suggest the debris should land within the Pacific Ocean to 
decrease the risk of collateral damage. This limits the forms of usable propulsion to Bi-
Liquid, Mono-propellant, Solid, and Hybrid propulsion. None of which are “ideally fit” for 
the job according to researchers. However; they did mention that Hybrid propulsion is 
promising (Christophe Bonnal 2013).  
None the less, action needs to take place in terms of ADR. At the moment no 
actual attempts have been made to remove debris in space. With hundreds of old 
booster stages floating in highly dense areas, and rouge satellites following in suite it is 
only a matter of time until more collisions occur and a cascading affect slowly but surely 
exacerbates the issue of space debris to the point where LEO can no longer be utilized 
by mankind.  
Another additional issue is that of debris of smaller sizes. Those that range from 
1cm-5 cm still pose sizeable threats to satellites as they can cause critical damage. 
Currently no form of ADR for these smaller debris have been proposed and no action is 
being taken to reduce them. If more of these small debris continue to develop in LEO, it 
will be necessary to de-orbit them. This task is even more challenging than deorbiting 
large debris so the best solution to this problem is to remove large debris before the 
issue gets out of control. 
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PROBLEM & SOLUTION 
For many years large budget cuts and a lack of safe technology have bogged 
down the development of space exploration. A new hope arises as emerging 
independent corporations SpaceX and VirginGalactic continue to evolve space 
exploration as a whole. Individual nations no longer have a monopoly over rocket 
launching research; the very idea of privatized space exploration opens a wide array of 
opportunities for the future. Free of bickering politicians and driven by a need to survive, 
these corporations hold the future of space exploration in their hands. Progress in 
robotics technology catalyzes the advancement of space exploration. Therefore, future 
missions in space will continue to become safer as the jobs humans held in the past are 
replaced by robots. Ultimately, robots will complete jobs humans could never 
accomplish. Even as we strive to make these advances, the debris from  previous 
victories threatens the outcomes of future projects. With thousands of dead satellites, 
spent rocket boosters, and random debris orbiting in LEO, a seemingly infantile and 
minor issue now may develop into a catastrophic state. The current developments in 
technology will be integral in solving the prevailing space debris issue. More concerning 
than pollution in space, pollution on earth continues to threaten ecosystems across the 
globe. As mentioned previously, the moon may lay a key role in solving this issue, but 
we will never know if no action is taken. 
Budget cuts and lack of political motivation loom over the world of nation funded 
space programs, whereas private corporations break free of these restraints. If the push 
for space exploration remained as driven as it was in the 60’s during the space race, 
there is no doubt humans would have reached mars by now; however, as the space 
race between nations stalled, the funding for space programs have been cut 
significantly. 
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Figure 15: Falcon9 Launch 
(Kremer 2010) 
This graph shows that the percentage 
of federal funding to NASA dropped 
significantly after 1967 and continued to drop 
ever since. With the addition of a private 
space corporation, there is now the option to 
spend money depending on profit.. I think we 
can see an expansion in the future in terms 
of private space operations. Not only in 
terms of launching satellites or contracting 
missions from NASA, like SpaceX has been 
doing, but in terms of commercialization of natural resources as well as entertainment. 
Take for instance Richard Branson and his latest dream VirginGalactic. He is yet 
another pioneer who aims his dreams towards the skies. With his vision LEO space 
becomes a vacation resort as well as a satellite and research area.   
Both of these companies have a similar goal: to reduce the price of space flight 
and usher a new era of space faring vehicles.  SpaceX developed its Falcon space craft 
series with the goal of making a spacecraft reusable. Their space craft is much more 
traditional in the sense that it launches from the ground to orbit. The end goal is to be 
able to recover the first stage booster rocket, which costs a good portion of the 60 
million dollars that a rocket costs. According to Elon Musk, only 0.3% of the cost for the 
mission attributes to the propellant. By these standards he claims he will reduce the 
cost of space flight 100-fold (Kramer 2014). Not only will this 
reduce the cost of building more booster stages, but it will 
mitigate the increase of booster stages in LEO. Booster stages 
have been a major cause of space debris as some explode after 
a few years in orbit from left over pressure in fuel tanks. The 
ability to recycle offers a multitude of solutions in a field with 
many growing issues. SpaceX furthers their goals beyond 
reducing the cost of space flight. Elon Musk claims the end goal 
of all this is to someday make life multi-planetary, specifically to 
Figure 14 Percent Of Federal Funding to NASA (Budget of NASA 
2014) 
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Figure 16:VSS Enterprise Carrying SpaceShip2 
(Cooper 2014) 
colonize mars (News 2014). He goes as far as declaring to put a man on mars by the 
end of the next decade. In fact the Mars One mission prepares to do just that, using 
none other than SpaceX’s own Falcon Heavy rocket to do the job (The Technology n.d.). 
SpaceX looks to innovate in the stalled areas of space exploration; in a time where 
space flight seems dull and repetitive they make it exciting and stylish.  
Sir Richard Branson of VirginGalactic invigorates the idea of space travel as 
relentlessly as Elon Musk. Although not aiming to achieve inter-planetary space travel, 
he too looks to revolutionize reusable space craft.  Virgin Galactic looks to utilize the 
idea of launching a spacecraft from a plane, but in 
a fashion completely different than those attempted 
before it. With the VSS Enterprise (the plane) 
carrying SpaceShip2 (the space ship) the two fly 
high into altitude where SpaceShip2 then detaches 
from the VSS Enterprise and rockets itself into a 
Low Earth Orbit, it then reenters and glides back 
down to Spaceport America. This company 
intends to turn the everyday person into an astronaut for a relatively cheap ticket price. 
VirginGalactic doesn’t just stop at a mere amusement venture; they also plan to use 
these flights for research purposes as well. On top of SpaceShip2 they are developing 
what they call LauncherOne which will be a small Satellite launcher aimed at reducing 
the cost of launching satellites (Overview 2014). Another company, Swiss Space 
Systems, looks to use this same idea to launch satellites into orbit and reduce the cost 
of satellite launches to 7 million euro or 9.5 million dollars (Coppinger 2013). The area 
of private corporate space continues to expand as the amount of possible profit grows. 
With the development of private corporations and the future cost reduction of 
rocket launches, the increase of space activity is imminent. Imagine if NASA kept  the 
same limited budget , but only had to pay a fraction of the price for launches. A major 
increase of projects would be seen. I imagine that paying sixty million per launch is very 
crippling, but even the reduction to 6 million per launch would garner ten more launches 
than we are capable of now. Clearly, it wouldn’t mean we would see ten times the 
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amount of launches because there would need to be missions funded for the launches, 
but there would definitely be an increase in the amount of missions. Of course this could 
mean an increase in the amount of satellites, which could cause more collisions, but 
outside the realm of satellites it would be cheaper to get to the moon, send missions to 
explore the solar system, and so on. We are on the cusp of a space fairing revolution 
and it’s only a matter of time until these technologies become available. 
When these companies make space a more economical venture it is tough to say 
what will limit them besides the amount of space debris in Low Earth Orbit. We can 
expect to see the reduction of booster stages in orbit as one can only imagine that all 
companies wishing to launch satellites will flock to corporations like SpaceX and 
VirginGalactic for their low prices. However, this could lead to an increase in the amount 
of Satellites in orbit as it will be so cheap to launch them that companies will be able to 
launch more of them. In the future, it will be very important to make satellites “suicidal”. 
This means that once the satellite is done being used it must find a way to re-enter the 
atmosphere without floating dead in orbit for hundreds or even thousands of years. This 
will reduce the need for future cleanup, although cleanup is already necessary; reducing 
the amount of cleanup required in the future is pivotal. Space Tethers make a strong 
case for the tool to clean up old satellites. A space tether uses a taught line between 
two objects in orbit to feed off of the electromagnetic field the earth produces. 
Depending on the electric current, the tether can cause the system of the two objects to 
move forwards or backwards perpendicularly to the tethers. This allows for the system 
to speed up or slow down depending on the current. When applied in a backwards 
direction it produces a drag like force on the system causing the system to lose altitude. 
If applied to a satellite it could efficiently kill the satellite without having to use fuel 
(Enrico Lorenzini 2004). 
With the power we have now, and the power we will dawn on the horizon, we 
must focus on approaching space with responsibility in regards to our own future. 
Launching non-reusable rockets was foolish and irresponsible in retrospect and 
launching satellites that stayed in orbit was foolish as well. Now that we understand the 
cataclysmic effects we can have on the orbital environment, we must continue to 
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Figure 18-Robonaut2 extending Arm (Robonaut 2, the Next Generation 
Dexterous Robot 2010) 
Figure 17-Kirobo chatting with one of his creators Tomotaka 
Takahashi (One small step for me, a big leap for robots. Kirobo 
2013) 
approach these issues regardless of the urge to ignore them for the sake of profit. A 
crucial step in the next stage of space exploration will be to take responsibility for the 
orbital environment to ensure that we can continue to use satellites and carry out safe 
space missions for the betterment of humanity in the years to come. 
The new dawn of the space era is timing itself perfectly with the coming of 
another area of technological breakthroughs. It is only a matter of time until our 
advances in robotics increases our capabilities exponentially if they haven’t already. We 
expect to see an enormous amount of new proficiencies in space. From robot helpers, 
miners, builders, etc., it may come to a point where space missions need not the use of 
humans in space. In a field that poses so many dangers to human life, the use of robots 
makes a strong case, but what can we expect to see from these space fairing robots? 
Robots have been used in space since the 
beginning of the space era. Sputnik was the 
first “robotic spacecraft” to be used and since 
then a massive amount of robotic spacecraft 
have orbited our planet and explored the 
solar system. What we are talking about 
here are not simply robotic spacecraft. For 
years, science fiction has provided a wide 
array of robots in space, from R2-D2 of Star 
Wars to David  of Prometheus, but at what 
point do we start to see these robot helpers 
come into play? The fact of the matter is they 
already are. One need only take a look at the 
most recent arrivals of space robotics. In 
recent years a few robots sent to space 
created a link between science fiction and 
reality. Between Robonaut2, Kirobo, and 
Dextre a new era in space robotics is dawning. 
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Figure 19-DEXTRE on the ISS (Image of the Day Gallery 2008) 
Robonaut2 is a humanoid robot developed by NASA to help astronauts on the 
International Space Station. He recently received legs and after gradual development in 
programing, he slowly provides more and more aid to astronauts every day. His mission 
requires that he aid astronauts in daily tasks. Kirobo resides on the ISS as well. Roughly 
the size of a doll, the space fairing robot sparks conversations with astronauts in space. 
Designed for the sole purpose of companionship, the robot speaks to astronauts and 
creates his own responses, not just generic responses pre-programmed into him.  
The list of ISS space robots continues 
with Dextre, a maintenance robot developed 
by NASA. The first mission accomplished by 
this robot in 2013 refueled the ISS in an 
unprecedented feat in space robotics. The 
capabilities of Dexter do not stop at refueling, 
this robot was designed to cut wires, make 
liquid transfers and more. The robot was 
designed to be versatile, in the sense that 
new tools can be sent to the robot for it to 
provide a wider array of maintenance tasks.  
Of course exploratory robots have also been used for many years. Take for 
instance the curiosity mission, which landed a rover on the planet Mars to explore the 
Martian surface and just completed its first Martian year (Curiosity(rover) 2014). Not to 
mention the predecessor opportunity that has been exploring mars since 2004 
(Opportunity(rover) 2014). The list goes on from the recent Chinese Lunar Rovers to the 
Older Russian Lunar rovers. Many missions have sent small space craft to take pictures 
of planets in the solar system which have been ongoing since the beginning of the 
space age. From missions like Voyager and Pioneer that sent probes to fly by distant 
planets and out of the solar system to missions like Rosetta, which looks to land a probe 
on the comet 67P/Churyumov-Gerasimenko, robots have been sent all over the solar 
system for the sake of exploration (Rosetta 2014). 
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As the years pass, the introduction of new space robots continues to captivate 
the imaginations of generations that grew up seeing robots on the big screen; now they 
begin to move from imagination to real life. The three ISS space robots only mark the 
beginning of human-robot relationships in space. In the years to come I think we can 
expect to see an increase in maintenance robots like Dextre that are able to fix satellites 
without the need of human space walks. Although some might like the idea of humans 
leaving the safety of space craft to perform maintenance tasks, it will be much safer for 
these types of routine tasks to be performed by robots, or even robots similar to 
Robonaut 2. Science Fiction has always supported the idea of cryogenic freezing of 
humans for long space flights to make a 6 month trip appear to take minutes, this would 
be possible with these types of robots for if they can maintain the space craft without the 
need of human helpers, astronauts can sleep soundly during the journey. Of course, 
cryogenic freezing is still a thing of science fiction, but my point is that the use of robots 
in space opens a wide spectrum of possibilities for humans. Combining the concepts of 
Kirobo and Robonaut2 would create a robot helper that astronauts could communicate 
with. When envisioning bases on mars and on the moon, one can only imagine how 
robots of these types would prove themselves useful as they can perform missions in 
areas that would require astronauts to wear space suits. Astronauts could talk to the 
robots while they perform tasks, understand their reasoning behind the tasks they are 
undertaking, or even instruct them on what to do.  
At this point, humans have sent robots to a distant planet for research, an 
extremely complex task, but NASA did it. So we now know we are capable of landing 
robots on far off terrestrial bodies. I think it is only a matter of time until we start to take 
full advantage of the implications of these abilities. With new robots being built every 
day, imagine what types of robots that may one day be sent to far off planets. Some 
may be construction robots for building colonies, mining robots for gathering resources, 
or research robots like Curiosity. The realm of science fiction slowly turns to science fact, 
in the decades to come. As robotic technology increase and space faring capabilities 
become cheaper, the doors of space exploration and colonization will burst wide open. I 
dream of a day when we no longer need to exploit Earth for her minerals by destroying 
mountains and nature for the sake of extracting minerals, but an era where these 
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minerals are mined on distant planets, an era where not all humans call earth home, an 
era where robots do the dirty work on the moons of Saturn, or a tumbling asteroid in 
space. 
 Unfortunately, a giant issue still lingers and with each passing day the chance of 
this issue getting worse grows. Not this year or the next, but within the next ten to 
twenty years the issue of space debris will begin to exponentially get out of control. As 
more explosions and collisions are  a matter of “when” and not “if”, once more debris 
accumulates, then the issue will become harder and harder to solve. Of course, 
bureaucracy bogs down these issues. Many of the satellites and the debris are from 
private corporations and not governments, meaning these corporations should be held 
responsible for cleaning up their mess, however, they do not have the ability to clean up 
the space debris they contributed. No governments want their people to pay for cleaning 
up of others messes, but with little progress being made in terms of debris reduction it 
seems that people will pay the price in taxes or a loss of the use of satellites in LEO. If 
worst comes to worst, launching anything past LEO without being struck by debris will 
be impossible someday.  
Luckily we still are at an early enough stage to solve this issue before it gets out 
of control. With the developments of cheap reusable space missions, it may not be as 
expensive as previously believed. I think a combination of this and the use of space 
tethers offer a achievable and efficient way to tackle large objects orbiting in dangerous 
and over-populated areas of low earth orbit. If VirginGalactic  plans on using a reusable 
satellite launcher, why not develop a reusable satellite de-orbiter? Of course the carrier 
would be reusable, the actual device to de-orbit the satellite would not be. But if a robot 
could be sent into LEO cheaply, attach a space tether to the debris, and safely re-enter 
the space debris, then the costs of the missions would be cheap and efficient. Of course 
the process is not as simple as I make it sound and there are still a large amount of 
obstacles to overcome to complete such a mission. Nonetheless, a process must be 
developed and the faster reusability is achieved, the faster we can develop a cost 
efficient de-orbiting program. The companies responsible for the satellites can be 
charged for cleanup and the repercussions to the tax payers would be minimal. In the 
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end this must be developed on an international level, as this problem will affect all of us 
if it is not dealt with.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RECOMMENDATIONS FOR FUTURE IQP’S 
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As our group focused on near earth space we think it would be beneficial for the 
next project to focus on a mars colony and perhaps the use of asteroid redirection for 
the benefit of humanity. This is a main focus of the Democratic Party in terms of space 
exploration at the moment. It may also be wise to take an in depth look at what our 
country and the rest of the world is doing in terms of the politics of space. Our group 
brushed upon how policies have affected Space exploration, but did not develop the 
current issues going on. Also a logistical outlook on a moon colony could clarify the 
actual costs of building one, our group merely researched the technology, but an in 
depth look at how much such an operation would cost could be more persuasive. 
Another interesting topic for future groups to look further into would be the feasibility of 
establishing a self-sustaining and self-replicating system of robots that could be 
deployed on foreign bodies. We brushed upon this idea coining the term Robotic 
Industrially Colonization (RIC). The goal would be to send a select few amount of robots 
to explore and excavate for desirable materials. Then begin building and replicating 
more robots from the collected materials to establish a self-sustaining robotic industrial 
colony.  
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
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Great conquerors of the past looked on the horizon with the goals of expanding 
their society. From Alexander the Great to Christopher Columbus they delved into 
the unknown despite the possibility of death. In our current age there is little left to 
conquer on this Earth, the world has been mapped, and a global society has been 
established. Yet, it is still our destiny as humans to continue our campaign into the 
unknown, to continue to conquer that which may destroy us. So we now look to the 
stars and to the moon. We have fantasized of galactic empires and distant colonies 
on far off planets, but the time for fantasy is over and the time to conquer is now.  
Our research makes a strong case for establishing a permanent lunar presence. 
With the technology we have available a large amount of options are provided in 
terms of sustainability, construction, and industrialization. Although, marching forth 
towards establishing a base without knowing if Helium-3 will even be a useful 
resource seems naive, the moon base will be more than an economic and 
environmental goal. It’s a goal for mankind, a stepping stone towards developing 
processes in which we can colonize terrestrial bodies. If we can live on our moon 
than why can’t we develop a way to live on one of Saturn’s moon? Colonizing the 
moon makes a statement that gives breadth to the cliché that we can do anything 
we set our minds to. People on this planet work hard night and day aiming to 
advance our capabilities in space. 
Thanks to SpaceX space travel will soon be cheaper than ever. With reusable 
rockets, sending missions into space will cost a fraction of the price. In the past just 
sending the equipment for a moon base would cost billions of dollars, yet within the 
next few years SpaceX will have reusable rockets sending supplies, astronauts, or 
robots to space. Information about the moon is still needed. It would be naive to try 
and establish a base on the surface without first investigating the lava tubes below 
the surface of the moon. These tubes could be the perfect environment to establish 
a manned base. Astronauts will not be alone in the missions to come and with 
advancing proficiencies in robotics these mechanical sidekicks will make the 
impossible possible.  
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With the ever prevalent dangers of space, robots are needed more than ever. 
They will be the backbone of our colonies, exploration, and very survival in the solar 
system. Providing the safest possible options for astronauts on the moon, on mars, 
or wherever humans seek to establish themselves. Their ability to offer 
companionship and help with everyday tasks will only grow more in the coming 
years and with the help of robotics the obstacles of space can be overcome. Robots 
are going to play a key role in the future of space and the survival of our species.  
For the future of mankind it is imperative to begin the process of colonizing the 
moon and other bodies in space such as Mars. Between the threat of nuclear 
annihilation, meteors, and gamma ray bursts our civilization could be taken away 
from us in the blink of an eye. So, in the end, these projects are an investment in 
mankind as a whole. Furthermore; they open an availability of natural resources on 
other planetary bodies. The step after colonization will be to secure and ship 
resources for our own benefit. Imagine an earth free of mountain top strip mining 
and oil drilling, and all the pollution and environmental destruction these process 
produce eradicated from Earth.  
Pollution in LEO threatens the future of space, hence the very future of mankind. 
If we cannot make it out of our own orbit how will we travel to and from Earth? The 
space debris issue must be solved or mankind’s dream of conquering the Solar 
System will remain just that. It is necessary to tackle this threat on an international 
level and to come together to solve an issue that is currently dormant, but can 
potentially end all activity in LEO. To do this companies must effectively kill their 
satellites and a process must be developed to de-orbit critical debris.  
 The journey to space offers something for all of us. Independent of race, 
nationality, or religion making these accomplishments is something we can all be 
proud of. Together as a species our goal should be to advance as one, and that’s 
what makes space exploration so special. Certainly, we feel a national pride when 
our country achieves a milestone in space research, but every human attains pride 
from any feat in space. This is what makes space exploration extraordinary and it’s 
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the reason we should expand our footprint in space and work to ensure our access 
to space remains clean and safe.   
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